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Potentiometer Indicator 


The Foxboro Potentiometer Indicating Pyrometer is a 
simple and convenient Indicator with a high degree of 
accuracy and sensitivity. This is made possible by its long 
scale (illustration above full size) and its long slide wire. 
Get the complete details in Bulletin No. 192—write for it 
today. 
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—— * COMPLETE INDUSTRIAL INSTRUMENTATION * 


Note These Features 


1. Long Scale. 
17” temperature scale. Is finely calibrated and 
be read with great precision. 





2. Sensitive. q Pr 
1414” effective slide wire length perm 
ment with extreme sensitivity. 

3. Accurate. 

14 of 1% of full scale accuracy. 

4. Readability. 

Ig of 1% of scale range. 

5. Automatic Compensation. 


Automatic cold junction compensato1 





cally corrects for changes in temperat 
cold junction. 
6. Convenience. 


Universal case allows change from su 
mounting—at no additional cost. 


THE FOXBORO COMPANY 
46 NEPONSET AVE. 
FOXBORO, MASS., U. S. A 
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LE Bring Your Instrument Problems to 


HEADQUARTERS 


General Electric engineers 


will help you solve them 


O you need standard instruments? 
We can supply them — and 


promptly, too, because many are carried 





in stock. Several of the types illustrated 


are comparatively new; and if you are i aiai aac idticiacaes 


Small Panel Instruments 
Bulletin GEA-1061 


= interested in any particular type we can 
send a bulletin which gives complete 
details. 

Do you need standard instruments with 
slight modifications to meet your partic- 
ular requirements? Several times we have 


helped a manufacturer to adapt a 





standard instrument for incorporation in 

his product. The result was that he saved 
sy hs Terre money, gained added sales prestige, and Bulvan GEA 
satisfied his customers. Perhaps we can 
help you in like manner. 
You may have need for special instru- 
ments, such as for measuring lightning, 
magnetism, insulation, noise, color, and 


speed. Instruments have already been 





designed for such unusual applications, 





and others can be developed if the need 


sire aia a ‘ , » P ’ ~ . - au 
(eet Minaiiend Tnssroments exists. Letus know whatyour problems are. Surme-crest Ammeter 
(Bulletin GEA-100) : B tin GEA-1943) 

In many other ways, we feel that you can 





benefit by making General Electric your 
headquarters for electric instruments. 
You have at your disposal the facilities 
of our General Engineering, Research, 
and Instrument Laboratories, and also a 


nationwide sales and service organjzation 





that enables you to obtain prompt service. >> Mj 
. General Electric, Schenectady, New York. 
Rectangular Switchboard Instruments Medium-size Portables 
(Bulletin GEA-1758) rr tin GEA-1784 
430.51 
GENERAL ELECTRIC 
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Wi STINGHOUSE samme INSTRUMENTS 


Westinghouse miniature instruments meters, etc. Made 
are the last word in accuracy, dura- 
bility, and ease of reading. They 
offer the widest range in size and 


with the same 
high degree of quality that has char- 
acterized Westinghouse instrument 
manufacturing since 1888, these min- 
shape, and are available in a com- iature instruments are available at 
plete line of voltmeters, ammeters, standard prices. 
milliammeters, radio-frequency am- 


No logical reason 
exists for accepting lower quality. 
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Render a Service 





to Your Friend: 


and Receive a REWARD 
for Your Good Deed 


A a technical man you strive to cut down waste. As 
publishers we know that our billing, mailing and 
other circulation overhead must be minimized in order 
get the utmost for your subscription pay 


— 


ments. It is being kept down by the Group Subscription 


to have vou 


Plan: one reader sending one letter enclosing one pay 
ment im advance for a number of subscriptions. The more 


names in one paid-up group, the greater the savings. 


Group Plan a Success. Walter E. Smith of Hono 
lulu induced 27 of his sugar industry colleagues in the 
Hawaiian Islands to subscribe. He holds the record, but 
W. E. Engelhard of Pyrometer Service sent in a list 
of 13, and A. G. Moon of Atlantic Refining has just 
sent in a first group of 21. Hundreds of readers in vari 


ous industries have sent in smaller lists. 


Saving Passed On to You. The bigger the group. 
the closer each subscription comes to one dollar (regular 
price two dollars). Thus, if you send in a list of ten 
names with $10.00 the average subscription or renewal 
is only $1.00 and the total saving remitted by the Instru 


ments Publishing Co. is $10.00. 


The New Reward Plan. You have a perte ct right 
to induce ten friends to subscribe at $2.00 each and to 
send us the list clerical 
work) with $10.00, keeping the other $10.00. When w: 


innounced the Group Plan we thought that some sub 


properly made out to save 


scribers would work it that way. As far as we know, not 
one did so. Thousands of individual letters, phone calls, 


etc., must have preceded the hundreds of group lists we 





received, but the group-organizers did it a 
their friends. As soon as we become certain 
the case, we began to send each “big” orga) 
more names) a token of appreciation. We nm 
this as a standing offer: To each reader send 
of ten or more names (new subscribers or « 
tensions of present subscriptions ) we shal 


book which he selects from the list on this l 


Big Saving to Small Groups, Too. | 
Group Plan was “one for $2, two for $3, thi 
etc. Your attention is invited to the fact t] 
Group Plan makes it possible for you to 
money beginning with a two-man group. H 
details: 


I separate one-year subscription $ 42M 
2 separate one-year subscriptions : ) S24 
3 separate one-year subscriptions $4.0 % 

1 separate one-year subscriptions : ) S42 
> separate one-year subscriptions S64 <5.) 
For each additional subscriptions add $ S14 


A Good Deed. No on 


Instruments and vou know that vour friend 


needs to 


its exclusive articles and serials, its “New In 
and “Inspection and Testing’ Departments. 
reviews by famed engineers, the editorial 

Béhar, the Buyers’ Guide, etc. Nevertheles 

want to know whether we have enough copir 

June issue containing the 20,000-item Jnstru? 

The answer is ves, but don’t de lay getting sta \I 


sure that your friends will get this valuable 1 





LLANE no oebehanebanne CLIP HERE sssssssesesssssssssssessssess=oss22:: 
INSTRUMENTS PUBLISHING CO. @ ag d 7 . . , —_ 
ae | ' Which Book Shall We Send You Free? Just Check It. 
1117 Wolfendale St., Pittsburgh, Pa. 
1 The Engine Indicator—its Design, Theory and f natir 
Herewit}l mv list of name —_! Special Applications. By K. J. Dehuhasz. A min ull t t t 
f information for all engineers who hav t nvest — The ae i 
i § payment in full 3 pe Grout ate forces and motion not only in engine ] Theory of Alternating Current a 
an iv ppli I ’ I Polytechn Londor P 
—] Fundamentals of Instrumentation. By M. Beha nt including adequate discu : 
Name \ Ex ns for the first time the new science of vave f 4 stand 1 ref . 
“robot contro More than book tool.’’ De 
ned for practical men. Opens the d to countles [— Automatic Protection of A.C. Cir 
Address ] f incalculable value -— S ng Mat l 
1 Materials Testing Machines—An Account of their mann I 
Development with special Refence to the Tension- I I ! 
Compression-Transverse Group. By (¢ H. G n 4 I a 
Individual’s name His address for mailing Jnstruments His position and company conne 
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EDITORIAL COMMENT 








In This Issue 


rematography combines — the 
and the motion-picture 
ienrv Roger, the first success 
er, discusses the technique and 
cori wo outfits he designed: one the 
Jis-Rovee and the other the Forvroly 
is th this branch of Instrumentation. 
\ll Instruments readers use lubri 
irly all are occasionally faced 
problem of specifying a lubri 
nd discover that some lubricating 
cperts disagree as sharply as do medical 
enerts. H. Hunter Smith, an impartial 
stigator helping to change the art to 
science, discusses some properties of 
ibricants and describes a promising new 


type of viscometer. 

Full of promise, too, is the method de 
<eribed by Professor Eddy and his asso 
iatess using a standardized wire for 
ntroling furnace temperature and 
vating-rate. Their article not only de 
scribes the new apparatus but presents 
n analysis of furnace control which will 
interest metallurgists, ceramists and 
many others. 

“True-direction” aircraft instrument 
deas are discussed by J. A. Brooks (a 
ioneer worker in this field—see page 111 
ff the May issue) and by L. A. Widmark 
ho likewise knows his electricity and 

thematics. 

[his month’s instalment of our elec 
trical measurements serial concludes the 
subject of demand meters and discusses 
ther special meters—all familiar to 
Perry A. Borden. 

\ new serial starts in the “Inspection 
nd Testing” department (see our main 
editorial alongside). It covers cathode 
y oscillographs, whereas V. S. Tho 

inder and Paul MacGahan make 
rief but comprehensive survey of the 
eld of electromagnetic oscillography. 
lhe two fields overlap almost completely 
it each class of instrument has its logi 

uses—which brings to mind that 
nearly every kind of measurement prob 
em can be solved by instruments of va 
rious classes: for example mercurial 
thermometry and resistance thermometry. 

The same applies to control problems, 
s readers know who study the “New 
Instruments” department month after 
onth. This month’s is no exception: the 
mtrollers described therein are not for 
heretofore-uncontrollable conditions but 
re designed to provide new modes of 
control. 


The front cover photograph shows the 
switchboard at the Bridgewater State 
rarm of the Commonwealth of Massa 
lusetts, consisting of a swinging bracket 
nd ten cubicles, generator voltage regu 
‘or, totalizers and feeder. Everything 
n the front is dead; sides and back are 
closed. All instruments,. oil circuit 
Sreakers and instrument control switches 
re Roller-Smith. 

The Inspection and Testing title page 
otograph shows J. Heinicke who has 
irge of the finishing room precision 
‘pues department at Bausch & Lomb. 
He is checking the wear on Johansson 


me blocks by means of an optical flat. 


ie inset shows how interference fringes 
in inspector. 





Oscillography 


ORE than fifteen hundred oscillographs sold in 

less than a year... This refers to only one type 

the cathode-ray—and to a single firm’s sales! Onc 
has to guess at the total number of all types and of all 
makes that were bought by research workers, engineers 
and production chiefs in this last year of the so-called in 


dustrial depression. 


Many of us oldsters only remember our college lab 
oscillograph as the fearfully complicated subject of one 
group exercise, each member of the group being kept too 
busy to watch what the others did. As we later earned out 
daily bread in industry’s service, few of us had occasion 
to use oscillographs before the First World War, and we 


were but dimly conscious of their slow improvement 


In the last twenty years this improvement has accelet 
ated, together with increases in number of applications 
and in volume of sales. ‘Vhese increases have been nearly 
parallel. Their composite is a growth curve an “3S” 
curve. It evidently will cross the “1935” ordinate with a 
slope far greater than that of any antecedent portion, but 
its point of inflection cannot yet be plotted. Wherefore, 
midsummer 1935 would seem to be the ideal time for 
Instruments to push ahead this point of inflection. In 
other words, now is the right time to start publishing a 
series of articles which will not only satisfy the existing 


interest in oscillography but arouse a still greater interest 


Now is the right time; Jnstruments is the right 
medium; Ralph R. Batcher is the right author. A native 
of the corn belt (Dysart, lowa, 1897) he was one of the 
earliest radio amateurs (1909) and operated station 9YI 
in 1915-1916 at Iowa State College, where he obtained 
his E.E. in 1920 after having served as radio instructot 
during the war. Connections with the Western Electric, 
Grebe and Decatur companies (as vice-president of the 
latter) added the practical industrial viewpoint to his 
scientific bent. In recent years he has been a Member of 
the Board of Editors of the I.R.E. and a consultant in 
electronic devices and applications. Having done much 
research on cathode-ray apparatus since 1914, he has been 
able to perfect numerous devices in this field 

M. F. BEHAR 
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Microcinematograph ; — 





en | 
By HENRY ROGER* stratit 
4 |trall 
we | 
T IS a fact unknown to the average Instruments readers to be sumi npoced 
“movie” patron but well-known to work Microcinematography is t! ol 
ers in many fields, that the motion pic- the motion picture and of th the met 
ture originated in the physiological re- It is still in its infancy but result Bit o 
search laboratory. Muybridge in America already obtained foreshadow vid ith tl 
and Marey in France developed—almost ing fields of application. § Ment 
at the same time, some 50 years ago— greatest advances have been f mic 
cameras for taking consecutive pictures of biological sciences, especially rhis he 
living objects, such as walking and jump research. The author, during Show fer 
ing men, galloping horses, etec., in order vears of his association with \ F of look 
to study their motions more carefully and Carrel at the Rockefeller I ite { hroug! 
more exactly than is possible with the Medical Research, had the opportunity nicrose 
human eye. Many facts have since been take and demonstrate many micro films mn aud 
revealed with the aid of motion photog living cells of blood and tiss ind herwi 
raphy which were not observed or éven bacteria, before scientific gathering. p tions W 
suspected before its advent. Two factors and abroad. These films not tong (1 
make the motion picture camera an ex many acquainted with the struc 
cellent tool of research: the activities of cell life (of man, an 
1. The motion picture has made us the and plants) but they revealed new . In 
masters over the element of time. Events about cell behavior and cell structure. | micro I 
which are too fast or too slow for the instance, an undulating membrar p for (Ss 
human eye to perceive can, with its aid, rounding white blood corpuscles was the: S differer 
be translated into understandable speeds. by discovered. Be one sor 
We are able today to follow with ease Since the first showings of th | be con 
the flight of a bullet fired from a gun, of living cells, many investigators begu B do not 
photographed at the rate of thousands of to use the motion picture camera for their microg 
images per second and slowed down on the particular microscopic problems and | lhe m 
screen. On the other hand we can follow day one frequently sees at scientifi t ly imac 
the growth of a plant by speeded-up mo ings new and interesting motion pictur therw 
tion pictures: single photographs taken at of microscopic material. bring 
comparatively long intervals minutes, There is practically no limit to the a all pre 
hours or even days—and projected in plication of microcinematography not o1 Slides 
short succession, generally 16 per second in the biological sciences but also in cher lly s 
(silent motion pictures). Time lapse mo istry, physics and the industrial scier 





tion pictures, as 
these are called, are 
Fig. 1. “The smallest today employed to 
things ever filmed”—mo- solve a variety of 
tion picture of particles i 
(0.014) in Brownian 
movement, taken at 20 
images per second. 


research problems. 
Microscopic re- 
search in particular 
has profited greatly 
Fig. 2. Sarcoma fibro- by time lapse pho 


blasts (cancer cells). tography 
Bf J: 


Fig. 3. Front part of a 2. The other fac- 
single cell of muscle tis- tor which should 
sue. here be mentioned 


and which is of 

great importance to 
research workers is the sensitivity of photo 
graphic emulsions to radiations extending far 
into regions beyond the ends of the visible spec- 
trum. Thereby we are able to render visible 
such things as, for instance, structural details 
in the bodies of minute cells, which otherwise 
cannot be seen. We are able also to increase 
the values of contrast by photographic means 





Fig. 4. The 
Standard Micro- 





a so a out the delicate outlines of living cinema Apparatus. 
cells at high magnifications. : 
The hi & r , ; ‘ , i A—optical bench; 
: i¢ history 0 _the microscope, and many of B—camera sup- 
its varied possibilities, are too well known to port; C—motors; 
"President, Rolab Photo-Science Laboratories, Sandy D = ontrol panel; 
Hook, Conn E— incubator. 
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of such films have been demon 


aun 
per “A Century of Progress” in 
Chicage. Lately an interesting film has 
een P iuced on “Colloids” with demon- 
rations of the Brownian movement of 
itramicroscopic particles. Micro films 
al heen adduced as evidence in legal 
srocedures, especially in patent infringe- 
ent cases. Applications abound also in 


\lurgical and food industries. The 
’ this page has been compiled 
with the readers of Instruments in mind. 

Mention must be made of the usefulness 
{ micro films for mere demonstration. 
Chis becomes obvious when one considers 
iow few people ever have the opportunity 
f looking through a microscope. Only 
‘through the motion picture can moving 
microscopie material be demonstrated to 
mn audience of any size and without the 
therwise necessary cumbersome prepara- 
tions which precede practical demonstra- 
tions (micro projection). 

TECHNIQUE 

In principle, an apparatus for taking 
micro motion pictures resembles one used 
for (still) photomicrography, the only 
lifference being in the camera. However, 
me soon finds many additional factors to 
be considered in microcinema work which 
do not enter the field of ordinary photo 
micrography. Let us begin with the latter: 
[he material to be photographed is most 
ly inactive or dead. It is often stained or 
otherwise prepared in such a way as to 
bring out structural details. Practically 
all preparations are mounted on standard 


slides with cover-glass in a medium speci- 
illy selected with regard to optical re- 












quirements (refractive indices). Since all 
optical parts of the microscope, the sub 
stage condenser, the objective, and the 
ocular, are designed for use with these 
standard slide mountings there are no par 
ticular optical problems involved. The 
length of exposure can be varied to a great 
extent, permitting the use of contrast or 
color-absorption filters, as any amount of 
light intensity can be employed. On the 
other hand, the material for microcinema 
work is active and its preparation and 
maintenance during the experiment require 
many precautions. For the preparation of 
living cells of tissue and blood a special 
technique had to be developed in order to 
keep these cells alive and free from bac 
terial infections during the time required 
for taking the film records. In most cases 
special glass vessels replace the standard 
glass slide mountings in order to maintain 
conditions as natural to the object as prac 
tically possible and also to permit experi 
mentations. Unfortunately the use of these 
special glass vessels makes it impossible 
to obtain the optical conditions necessary 
for the resolution of details at high mag 
nification, chiefly because of the presence 
of air below the object and also because 
of imbedding of the object in a medium 
not particularly adapted for the use of 
high-powered immersion lenses. 

All living material is extremely delicate 
and extremely sensitive to light and heat. 
Excess of either means death to a cell. In 
microcinema work light intensities, neces 
sary for correct exposures, vary to a great 
extent depending upon the frequency of 
images per second, per minute or per hour, 
and also upon the magnification, the color 


(Continued on page 195) 





MICROCINEMA APPARATUS FOR 16-mm. CAMERAS 


SOME APPLICA. 
TIONS OF MICRO. 
CINEMATOG. 
RAPHY 


in Industry: refrigera- 
tion, fermentation and 
other processes; dura- 
bility of various metals, 
paints, etc., under va- 
rious conditions; cor- 
rosion;  crystallogra- 
phy; action of deter- 
gents; oil sands; fuel 
research, etc. 

Food Industries: pack- 
ing, canning, beer, 
milk, cheese, baking, 
etc. 

Chemical and Physical 
Research and Demon- 
strations: absorption, 
precipitation, coagula 
tion, cataphoresis, os- 
mosis, colloids, mag- 
netism, etc. 

Biology: growth of cell 
colonies, division and 
phagocytosis, cell be- 
havior, cell structure, 
influence on cells of 
various substances and 
various radiations (X- 
ray, ultra-violet, radi- 
um, short-wave, etc.), 
cell dissection, etc. 
Bacteriology: study ot 
colonies and single bac- 
teria, bacteriophage, 
action of substances 
and radiations, etc. 
Miscellaneous: Adver- 
tising, training and 
teaching. Watches, in- 
struments and fine 
mechanisms. Agricul- 
ture. Germicides. 
Tooth pastes. Legal 
evidence. 















Fig. 6 (above). Outfit including control 
panel and other accessories. 


Fig. 5 (left). Stand shown swung 180° for 
macro photography. 
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Effects of Carbon Suspensions on Sc ve 
Properties of a Lubricating Oil 


By H. HUNTER SMITH#* 


INTRODUCTION 
APID increase in the use of lubricating oils within 
recent years has led investigators to seek all of 
the scientific elements or properties which, when 
brought together, will give a lubricant that quality nec- 
essary for its particular application in the commercial 
world. 

Pressure, speed, working temperature, conditions of 
the bearings and method of oil feed are some of the 
factors which determine the most advantageous oil to 
use. High pressure will produce a high viscosity as it 
tends to squeeze the oil from between the two surfaces. 
High speed will give a low viscosity because the fast 
moving part pulls in more oil between the friction sur 
faces. High temperatures reduce the viscosity and for 
this reason hot bearings require oil of greater viscosity 
to maintain a film and thus prevent the two surfaces 
from rubbing together. With a circulatory oil feed or 
force feed, oils of lower viscosity can be used because 
of the increased amount of oil reaching the bearings. 

Few measurements were made prior to 1842 from 
which the fundamental laws of fluid motion could be 
established. The name of Poiseuille is always associated 
with the laws concerning the simple nature of flow in 
capillary tubes, while the name of Osborne Reynolds is 
generally connected with the laws governing the com 
plex conditions of flow in pipes and larger conduits. 

Various ways of explaining the high viscosity of col 
loidal solutions and emulsions compared with the viscos 
itv of the dispersive media were worked out by J. W. 
McBain." Small additions of highly dispersed graphite, 
taleum and soap were shown to raise the viscosity of 
lubricating oils (Voltol oil an exception: its viscosity was 
lowered) in experiments performed by W. Ostwald and 
A. Fohre.” Effects of the addition of colloidal graphite 
to ordinary lubricants have been described in technical 
bulletins by the Acheson Oildag Co. 

The field of force which exists at the free face of a 
solid or liquid is due to the unbalanced attractions of th 
molecules. Greasy films are formed on solid surfaces be 
cause they reduce the potential of the fields of attrac- 
tion, and this process of condensation of foreign matter 
onto a surface is called adsorption. A lubricant may 
therefore be said to be adsorbed by solid faces and the 
greater the work done by these forces in forming the 
laver the better the lubricant.° 

These facts bring to light the question of the impor 
tance of “oiliness” in lubrication. It was maintained that 
the fatty oils possessed greater “oiliness,” “body,” or 
lubricating value. The problem was to measure this prop- 
erty called “oiliness.” Since the advent of the aeroplane 
the question of “oiliness” has become vitally important. 
- Fayerweather Laboratory of Physics, Amherst College, Amherst, 


J. W. McBain. Apparent Viscosity of Colloidal Solutions and a 
Theory of Neutral Colloids as Solvated Miscellés Capable of Aggrega 


tior Journal of Physical Chemistry, Vol. 30, 1926, pages 239-247. 
2W. Ostwald and A. Féhre. Viscometry of Lubricating Oils. Kolloid 
pages 166-177, June, and pp. 266-279, July, 1928 


tschrift, Vol. 45, 
8(a) W. B 
the Lubricating Properties of 
Edinburgh and Dublin Philosophical 


Hardy and Lt. J. K. Hardy. Note on Static Friction and 
Certain Chemical Substances. Londo» 
I Ma rime, Vol. 38, 6th Series, July 
. pages 3 48 
(b) W. B. Hardy. The Spreading of Fluids on Glass. Phil sophi 
nwasine, Vol. 38, July 1919, pages 49-55 
(c) W. B. Hardy, Static Friction. Philosophical Magazine, Vol. 4( 
July 1920, pages 201-210. 
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It may be that a great deal of evidence on th 
be obtained from the cutting lubricants. 

The present research has been undertake: 
(1) determine the viscosity of oil at differ 
trations of suspended carbon and (2) to 
possible, some definite relationships betwe: 
and other properties in connection with an 
concentration of these suspensions. 


PRELIMINARY EXPERIMENTS 


In order to determine suitable suspension 
tions several preliminary experiments were 
Test -tubes of oil varying in concentration of 
lamp-black were allowed to settle out as far 





In spite of its title, Mr. Smith’s article is essentially 

description of a new method of measuring viscosity, Bu 
and this is important—his purpose was not so muc 
to devise a new viscosimetric method as to establish “oii; 
ness” or “body” on a quantitative basis. He employs a 
old principle—counting the drops that issue in a give: 
time from an orifice—but he has modernized it by adopt 
ing standard conditions, especially in maintaining a con 
stant head; also by substituting a photoelectric counter 
for the familiar manual-tally counter. 
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This was done in order to determine if tl Was 


definite percentage for complete saturation. It was found 


that after a certain concentration was reached the ca 
bon settled out much faster than those suspensions 
taining less carbon. 

It was necessary to make a number of prelii 
periments to find the most desirable capillary 
the viscosity determinations. From these experin 
tube of uniform bore and 1.494 mm. diameter was s 
ed. However, the apparatus was constructed so 
tubes of different diameters could be used. It wa 
that if much more than 2.3 g. of lamp-black w 
in 250 ee. of oil the flow would be so slow that too. 
time was required for the readings and som s 


capillary would become clogged. 


A number of suspensions were made up and readings 


recorded. Some of these contained too much carbon w! 
some did not contain enough to give a sufficient differ 
ence in the time of flow. It was learned from these ex 
periments that the suspension concentrations listed 


the table below would give the best results 


Weight « ») nd 
wmp-black Liahtl 
in grams kind f ’ 
per 250 cc. tained th 
of oil f ; 
l 0.400 0.4 
5 0.800 0.81 
; 1.200 | 
} 1.600 es 
2.000 2 0 
4 2.400 2.41 
Z 2 £00 2.8 
S 8.200 ; 


For example, concentration No. 1 of the fi 
was a suspension of 0.400 g. of lamp-black in 2 
Mobiloil Arctic oil. No. 8 was the strongest of 
centrations. Clear Mobiloil Arctic oil was also 


In or 
Pv 


ght tY 





A—Sm 
shic 
B—Bat 
D—Du 
apr 
E—Ele, 
F—Len 
G—Gl: 
H—T, 








he 








tant J 
tors can be fitted in the ground end of the apparatus. 


DESCRIPTION OF APPARATUS 


necessary to control the factors which would 
ite of flow through the capillary tube, 


re and pressure. The temperature was con 


namely, 


l mply, by the use of a large temperature bath 
| 4). Flasks containing the different concentra 
clear oil were placed in the large bath which 

d the glass viscometer. This entire system was 


constant temperature throughout a set of read 


dl 

an pressure was controlled by making use of the 
of Mariotte’s bottle. Referring to Fig. B (a 

wtograph of the glass instrument which was carefully 


). Machlett and Son), it is seen that when the 
trument is in an upright position the flow of oil out 
~ough the end of the capillary will draw in more air 
rough the central stop cock in order to maintain con 
essure. Note that capillaries of different diam 


Having constructed the apparatus so that constant 
nperature and pressure were possible, it was only 


essary to measure the time, weight and number of 


lrops for determining absolute viscosity and_ relative 


irface nsion. 
In order to count the number of drops a photoelectric 
ll was used. A lens Fw as Use d to bring the beam of 


ht from the source L to a focus on the oil drops as 


they issued from the orifice O. See Fig. C. The magnetic 


A 


B 
D. 


E 
I 


G- 


H 


unter M was connected to the relay of the “electri: 


ve’ for registering the total number of drops. 


This type of viscometer is proposed by the author for 
mmercial use because of its accuracy and conveniencs 


use. In using this apparatus for relative viscosity 


Fig.A 


Small aperture of light L—Light source 

shield M—Magnetic counter 

Bath vessel O— Orifice 

Du Nouy’s surface tension P—Photoelectric cell 
apparatus. R—Heating element relay 
Electric clock S—Sample of oil to be tested 


~ 


t.—Electric stirrer 
T—Thermostat 
T’, T’—Thermometers 


-Lens for focusing light 
-Glass viscometer 
To electric heater 





tests it is necessary to measure only the time of How of 


a certain number of drops while the number of lrops 
conveniently recorded by the photoelectric counter. Thi 
eliminates the necessily Of mie isuriny volume sor weight 


ind also eliminates the 


tainers. 
Che elimination of measured volumes or weight 
relative viscosity determinations with this instrument di 


{ 


pe nds upon the fact that the weight per drop Ol a par 


ticular “grade” of oil is constant 

In order to secure satisfactory operation of the \ 
cometer in this manner it is of course necessary to cal 
brate the instrument for the particular oil to be te 
ind a conversion factor for Saybolt units Is necessary 


lor proot of the above statements we need only 


consider Poiseuille’s equation for viscosity which 
thdgle 
Hl 
S/] 


where h repre sents the effective he ht of the liqu dl 


icceleration of gravity: Je, the radi 


the density; g, the 


of the capillary tube; /, the length of the « pillary ar 
{, the time of flow of I’ cubic centimeters of oil 
This equation becomes: 
thd gh [ 
Hl 
Sim 
thal’ Pe it a 
Since constant. then, /7/ where ¢ 
8/ m 
is the instrument constant. 
Since the surface tension of lubricating oils is prea 
tically constant for constant te Inperature, the weight o 
a single drop of all lubricating oils must be practically 








an Fig.C 
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If the photoelectric counter is used to record 


consté : 
be total xumber of drops and the time during the flow 
i this total number of drops is measured, then we have 
ificien ita for the viscosity determination, The equa- 
we now ecomes, 
d-tk 
H — 
N 
Supp the absolute viscosity for a certain oil is de 
’ mined with this instrument. ‘Then this oil can be used 
ay standard. So that 
dat. kh 
fis y= 
N, d,t.N 
d*t k d*t Nx 
H — 
N 


If the magnetic counter of the photoelectric circuit is 
ymnected to an electric clock in such a manner as to 
top the clock (say on the hundredth drop) then 


y—N, and we have 


HH, t 
i = —— 
d- t. 
if d—d., then 
H, t 
H - - 


A photoelectric counter could be used conveniently in 
lace of a volumetric measure with the Saybolt Univer 
.al Viscometer if it were not for the fact that the hydro 
atie pressure continually changes during the test. With 
the above type of instrument this is not the case and we 
have here also the advantage of an instrument which 
in be used to measure absolute viscosity and relative 
scosity. 


TEST RESULTS 


There wes a decided increase in the viscosity for an 
nerease in concentration of suspension at all tempera 
tures. This increase in viscosity due to the addition of 
arbon is not due to the change in density to any appre 
able extent, but to a colloidal effect. In this case the 
particles come together to form groups which are held 
together by some form of physical or chemical attrac 
tion, thereby slowing down or preventing flow. 

The absolute viscosity drops decidedly with an in 
rease in temperature for each suspension and clear oil 
for both series. This change in viscosity for change in 
temperature is shown in Fig. 3 and Fig. 9 for both 
series respectively. Fig. 8 shows the effect of changes in 
temperature on the fluidity for concentration No. 1, con 
centration No. 4, concentration No. 6, concentration No. 
8 and clear oil. It was thought that by plotting fluidity 
i straight line might be obtained but we see that this too 
sa curved line. Values were taken at 0°C. for these 
samples and the fluidity determined. The drop in vis 
cosity for an increase in temperature is greater for No. 8 
than for suspension No. 6, greater for No. 1 than for 
clear oil. The curves tend to converge at higher tempera 
tures and to separate more and more as the temperature 
is decreased. This indicates that at higher temperatures 
the viseosity of suspensions of carbon and clear oil are 
more nearly the same than-at low temperatures. 

It may be noted, also, that the viscosity tends to be 
me constant at higher temperatures. The fact that 
these curves separate considerably as the temperature 
falls indicates that the presence of carbon, and perhaps 
other impurities, suspended in oil would affect the ease 
vith which a motor would start on a cold morning. In 
‘xtremely cold weather the increase in the viscosity due 
‘o these impurities would have a tremendous effect. 


Variation of Viscosity with Temperature and Carbon 
Suspensions. Variation of Relative Surface Tension with 


Temperature. (Second Series.) 








Wt. of Wt. of Viscosity I Vi sit 
Carbon Density 20 Drops dynes set d Ols 
(grams) (g./cem (grams) ( en ) ( ~ ) (; Hi ) 
Temperature 23.5°C 
O.000 OTRO 0.9290 1.6550 0.004 NN 
0.416 ORT9O 1.7050 O5ORT0 1.44 
0.814 O.8800 1.7300 O.5785 1.o6¢ 
1.200 O.8805 1.7500 O.5TLS O80 
1.618 OSSTO 1.7840 o560 iT} 
? 007 OSSLL LATA o5500 ond 
2.402 O.8825 1.8470 0.5419 Oae 
2.8602 O.8R32 1.8910 0.5292 14 
3.210 O.SS840 1.9350 0.5172 
Temperature 33.5°C 
O.000 O.8715 0.9210 0.9160 1oara 
0.416 0.8727 0.9160 O9500 Lo5ae 1.088 
O.814 O87T41 OGTSO 0.9922 L.Oo500 Lago 
1.200 ORTHO O.9210 O9730 1.0280 1.11 
1.618 O&T60 O.9e4du 0.9910 1.0090 1120 
2 007 OTTO O.9200 LO8380 0.9693 1.178 
2.402 O.87T75 0.9225 1.0340 0.9673 1.17% 
2 8OB O.R784 0.9255 1o500 “o520 114 
201 ONT44 O.4180 Lo750 O9810 1336 
Temperature 43.5°C 
O.O00 S660 0.91385 O.5505 1.817 one 
0.416 ORG65 O.9100 0.5615 1.7810 H48 
O.814 OLS6K0 0.9155 O5680 1.7610 it 
L200 OS6o0 Oo1lies OoSS0 1.7150 671 
1.618 OSTOO 0.90495 0.592 16s o0 “68 
2.007 ORTOS O.9080 0.6125 t rT 704 
2.402 O.8T10 0.9120 f.6185 6170 ) | 
2 ROL O.8715 O.9115 O.B200 NAO iT) 
3.201 O.8725 O.9100 0.6425 | a 4 
Temperature 53.5°C 
OOo0o0 OsOOO O8O96 O.8490 2 REOD woque 
O.416 O.S610 O.9095 0.3661 610 1425 
O.814 0.8610 0.9062 0.3650 2 T4000 W424 
1.200 O.8620 O.9070 O8700 7040 429 
1.618 O.S640 O.9080 O.3794 ? 6370 439 
2? OO7 O.8630 O.9050 OB2R49 H50 4 
2.402 OS650 O.9ggr 0.3942 350 ot 
2 802 OS660 O.9040 “4050 »4s700 1H 
é bit 


».201 O.S660 O.9020 0.4122 1770 ) 


The field of foree which exists at a free face of a 
solid or liquid is due to the unbalanced attractions of 
the molecules, and the tangential component of this field 
constitutes the surface tension. The curves in Fig. 2 in 
dicate the effect of suspended lamp-black on the surface 
tension, while the curves in Figs. 5 and 6 definitely indi 
cate that the suspended particles of carbon have no effect 
on the surface tension. Since the instruments with which 
these determinations were made were different for th 
two series it is probable that the deviation from a 
straight line at higher temperatures as represented in 
Vig. 2 is due to experimental error. On the other hand 
the kinds of lamp-black used in the two series were 
quite different, and this may account for the differencé 
It would seem safe to say that the surface tension does 
not change when carbon is suspended in oil. This is in 
dicated in Figs. 5 and 6. The drop in surface tension 
with increase in temperature is the same for all samples. 

These samples are to be tested further for adhesion 
Concentration No. 8 and clear oil have been tested for 
“oiliness”” with the Herschel Oiliness Machine. but no 
difference in readings can be detected for thes samples 
with this instrument. 
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Furnace Temperature and Heating-: ite 





Control by Dilating Wire 


By C. T. EDDY*, F. W. VIGELIUS?7, and E. C. DAVIS+ 


RECISION work in metallurgy dealing with ther 
mal analy SIS, dilatometry, etc... requires the accu 


rate control of rate of heating, while problems 


dealing with isothermal reactions, recovery, and the like 


require accurate control of temperature. The latter con 


trol (constant te mp rature is obtainable in many forms 
of commercial units, few of which, however, exactly suit 
obtaining 


the requirements imposed by the conditions 


fields. 
a de sirable 


n research in these 
The 
+} 


he temperature or the 


dilating wire is means of controlling 


rate of heating of small electric 


resistance furnaces suitable for this work.’ Its first sat 


isfactory application to this purpose is reported by 


Chévenard.” He used the principle in controlling the 
temperature of his dilatometer furnace. He also devised 


two systems whereby the constant temperature control] 


device could be used for the purpose of controlling the 
rate of heating of the furnace. However, this was don: 


by empirical means, and the device thus modified could 


be used only on one furnace or on furnaces of exactly 
the same characteristics. 

Unlike most control systems, which operate upon evi 
making crude adjust 


dence of temp rature error by 


nents to the line current, the dilating wire causes the 


line current to vary gradually and so to 
determined plan. All tendency for the fur 
ture to “hunt” is removed because the hea 
at the 


Temperatures in the 


furnace windings, where and when 

mutt that 
temperatures of the gradient through the i 
terial of the 


furnace 


and for 


furnace are all directly est 


In addit 


ing wire compensates for power line variat 


result of characteristics. 


ing the current to proper values regard 


fluctuation of line voltage. 


W he n the 


de sired the 


evaluation of magnitudes of 


successful operation of a th 
ability to vary 


rate. As 1 


experimental work was done on the dilating 


depends largely upon the 


temperature at a constant, slow 
and many runs were made on various furn 
view to causing the muffle temperatures | 
constant rate. 


FURNACE 


It was found experimentally that the te 
small laboratory furnaces could be made to 
tically 
definite amounts of current, and increasing 


constant slow rates by starting th 
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Showing Required Current and Power 


for Linear Furnace Temperat 


Fig. 4. ] 
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| Fig. 4. Influence of Starting Current on Fig. 5. Diagrammatic Sketch of Appa- 
Linear Temperature-time Runs ratus Fig. 6. Sketches of Set-ups 
rate of current increase. At high furnace tempera of the contact arm at any desired rate. When contact 
tures the current rate is the major control factor while established with one segment. a relay” circuit clos 
t the lower temperatures the starting current exerts the mercury switch so as to operate the rheostat motor 
iter influence. one direction, while contact on the other segment serv 
It is difficult to calculate furnace behavior throughout to reverse the operation of the rheostat motor. ‘I n 
iraightline temperature runs because a condition of turn increases or reduces the rheostat resistance, and 
rmal equilibrium never exists. However, an attempt lowers or raises the line current. Connections are suel 
being made to establish some readily obtainable fur that an elongation of the wire causes resistance to be 
index from which the two current conditions may added to the cireuit, with a consequent lowering of t! 
easily predicted. line current, and cooling and shortening of the wire re 
CONTROL UNITS sult. Conversely, a shortening of the wire as evidences 
. . by too small a line current causes the rheostat to remove 
In order to duplicate any furnace run, such as thos J 
‘s Go th : . resistance from the circuit and so increase the curren 
wnon Figs. 1 and 2, it is only necessary to duplicate 1 Ny | , . 
. . * Ane. i ie contact arm automatically hovers at the neutra 
current input to the furnace. This may be done by . 
5 2 open point between the two commutator seement mia 
lowing the proper starting current to flow and then 


: ‘ ae anv change in the control wire lenget 
reasing this current at a constant rate. The apparatus 
° . ° . . . corrected. 
ssary to accomplish this consists of two principal 
; Togs : , now, tl mmutator itself is rotated, the con 
s—the dilating control wire assembly, and a power If, ne nate ages iaaate wine 


eostat which is automatically operated by a motor ea will : lection: Lo re ae rch _ i" mpera 
' mp “are { yntr wir yrrresponding to the n ssary. chang 
lrive commanded by the control unit. The dilating wire. 7 os v | re corre ‘ onding to th ect | 
Z , . ith of t wir { nsequence 1 re or tLe eu 
¢ rheostat, and the furnace are all connected in series in Tength of the wire oP A ena CBR ne RR RRTS SW 


5 r . : ° t. a | f : | ist w through the eo 
ross the power line. A diagrammatic sketch is shown jomK af " eee ee nn ° 
ay ‘ ; : ; : wire and seri recut 
rig. 5. Convenient switching and protective equip , eae 
ent mav ; » ine 1d in ; ‘par: ; 

may also be included in a separate unit. CONTROL WIRE ASSEMBLY 


In principle the control wire is fixed at one end and : a ) 
: . Since the action of tl mtrol epends upon the 

vaded at the other end so as to maintain a constant ten . é ee de] | 

change in temperature of the control wire and conse 


: ; sion, The furnace line current passes through this wire, 
= . e » = é e > i ¢ j » P a { { tre Is i | 
id its heating effect causes a dilation in accordance quent nae Og the performance of the a rol nf : 
wit ry. . ° ’ y » : t . . “tf S | . . ‘ | 
‘ith temperature changes. The control wire is enclosed enced by the heat-emitting properties of the wire as w 
as by the heat-dissipating properties of the set-up 


a glass tube in order that most of the heat loss should 


by radiation rather than conduction, convection, ete. I'wo resistance alloys made by the Driver Harris ¢ 


were investigated in order to determine their fitness for 


e glass tube is mounted in a wooden frame. ‘The size, 
ape, and mounting of this tube influence the opera control wire use. These materials were \dvanee ine 
“Nichrome V.” and their dilating characteristics were 


] 


‘ion, and these factors will be referred to as the “set-up” 
established by determining their coefficients of linear « 


roughout this paper. 


] . . . . ‘ i ‘ £ e 
\ll motion of the lower end of the wire—elongation pansion with a Leitz dilatomete 





shortening due to a change of temperature— causes lor various practical reasons it was decided to estab 

ingular displacement of a contact arm which turns with lish 24” as the length of the control wire. Also, most of 

4a two-segment commutator. This commutator is this work has been done using a No. 24 B and S gage 

* unted co-axially with the contact arm and, by means wire. Fig. 6 shows two different set-ups having different 
? § ° asynchronous motor, it may be rotated independently heat-dissipating characteristics. 
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Fig. 7 shows a complete calibra ale 

tion of a 24” length of No. 24 || /2erommariom que ro cmabcme & 

“Advance” used as a control wire 3 si -_ 9 

and mounted according to set-up 5 onapion oul o | 

“A.” Temperature, power loss, and be | Wid y i 

current are all plotted against dila S ] 4 Le summen rime | 

tion in inches per 24” as the ab- 4 ‘ UL, 

scissa. However, this dilation can be ~y / "7 

more conveniently considered — in . A "paagnerase f Vy, 

terms of the minutes of time re ‘' . i ‘Semen ener’ 2 / =  * 7 

quired for a constant-feed device to ‘ | 3 

feed an equivalent distance, and ac- ° 3 y / és x 

cordingly this scale is added. Cali- g | af ® 

bration was done with direct current t. j als : v 

from a storage battery in order to | / , oe EN " : / 

have constant voltage. The line : [ } [ “S / c 

marked “Dilation due to Temp. $s 4 “18 

Rise” is plotted directly from the | LA 

dilatometer measurements. ‘| 7 Q t 

Although few data are available "24 ADVANCE” WIRE, 34 INCHES LONG 

on the effect of temperature changes 4| y FEED 0001275 INCHES PER MMUTE 

between room temperature and 470 af sealer tind unease 

C. on the modulus of elasticity of I F . 

“Advance” and “Nichrome V,’’ it + sana w nak tee camel ar anit or i ¢ 30 sagt ee 
7 0.2292 


seems logical to expect the modulus 
to lower with increase of tempera Fig. 
The effect would be to increase 
which 


ture, 
the deformation of the wire 
is arbitrarily held under a constant tension of 4 Ibs. 

12,600 lb. in.” for No. 24 gage). Thus definite elenga- 
tions require lower compensating temperatures, so that 
less power and current are actually needed. 

A crude measure was made of the modulus of elas- 
ticity, £, using the control apparatus so modified that 
the length of the wire could be measured under different 


loadings and at different temperatures. Results: 


Material E at Room Temperature E at 470° C. Jo Reduction E 
Advance 18,200,000 15,550,000 14.5 
Nichrome V 18,200,000 15,000,000 17.6 
In the case of “Advance” wire at room temperature 


there is a total elongation of 0.016,60” in the 24” 
length, due to the loading. When the temperature is 
k70 
increase in total elongation of 0.002,85” due to the low- 


raised to C., this elongation becomes 0.019,45”, an 
ering of /&. This deformation is assumed to have a linear 
relation with temperature and is so plotted with the title 
“Deformation due to Changing FE.” 

The combination of the elongations due to both dila- 
tion and changing EF results in a total elongation as 
shown by the temperature-time line. The location and 
shape of this line are entirely dependent upon the mate 
rial from which the control wire is made. 

The 


dissipated by the control wire throughout a run, shows 


power-time line, obtained by measuring watts 


the loss necessary to maintain the various temperatures. 
Since the mass of the control wire is small, the heat re- 
quired to raise it to a given temperature is considered 
equal to that required to hold it at that temperature. 
Consequently, the shape of this line depends upon fac 
tors which control the heat-dissipating properties of the 
set-up; the faster that heat is dissipated the more power 
is required to maintain a temperature. Specifically, the 
size and mounting of the protective tube and the gage 
of the control wire are important factors. 

The current-time line follows directly from the power 
time line, and is plotted from current measurements 
V (WR) the shape of 


this line depends upon the power-time line and upon the 


made throughout runs. Since J 


electrical resistance of the control wire. and reflects the 
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00362 00764 2.146 0/528 01910 
TOTAL DILATION IN INCHES FOR 24 INCH WIRE 


7. Calibration of control wire. 


Fig. 8. Effects of changing 
of shunting, upon current-tim: 


effect of the temperature coefficient of resistar 
material in use. Since the control wire is c 
series with a furnace under operating conditio 
rent is common to both units and serves as 

ling link. It will be observed that the curren 


is substantially straight over a large part ot! 


under the set-up conditions shown, and this fa 


for a varying of current at a fairly constant 


is one of the conditions necessary to caus 


temperature to rise at constant rate as mentio! 


It is only necessary that the rate of current i 


the starting current be correct and compatible, 


desired furnace 


that the 
place. The first condition is met by the mechia 


temperature ris 


of the control unit; the second condition by 
the rheostat at the start of the run. 


FACTORS WHICH MODIFY THE CALIBRATION | 


Any change in the physical set-up of the « 
assembly, which alters evolution or dissipation of 
fies the slope of the current-time line. Evolution 
pends upon the resistance of the control wire and 
it is carrying; dissipation upon the physical set-uj 
in the rate of constant uniform feed affects the r« 


rent rate in direct proportion. ‘The useful range thro 


the current is caused to vary is limited at the bot 
rapid bending of the current-time line to zero, 

top by the maximum allowable working temperat 
wire. To control larger currents, the wire may 

provided that the proportionality between its ré 

that of the shunt be maintained at all temperature 
a shunt which duplicates the wire, mounted in 

set-up. Fig. 8 illustrates these considerations a1 

scribing the various lines is tabulated below: 


A—No., 24 “Advance” Set-up “A” 

B—No. 24 “Advance” Set-up “A” Cooled by 

C—No, 24 “Advance” Set-up “B" 

D—No. 26 “Advance” Set-up “A” 

E—No., 24 “Nichrome V” Set-up “A” 

F—No, 24 “Nichrome V” Set-up “A” Without pa 
of tube 

G—No. 24 “Advance” Set-up “A” With dupli 
(Compare w 

H—No. 24 “Advance” Set-up “A” With simila 


but not in 
Although room temperature changes modify t! 
both the control unit and the furnace itse 
cate no great differences in performance under 
conditions. 
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“True-direction” Aircraft Instruments 


For previous articles and discussions see Instruments, Feb. 1935, pages 30-31; April 1935, 
page 102; May 1935, page 119. Our forum remains open: send in your reports ... MFB 


litor: the same amplification effect is present 
rhe » experiments which Dr. Gunn cites (May Jnstru conventional 3-electrade tube and the effeets around the ¢ 
ge 119) as defense of his belief that the earth’s circuit are not zero. The plates serve in electrostati ‘ 
( field cannot be used as a fixed reference system are for external electrostatic fields. Rotation of the tube i 
but I question their use as proof of his point. external electrostatic field might set up ar ternatin 
‘der the beam of slow moving electrons parallel to the in the external plate circuit, but this can be nullified by ¢ 
of the plane. Obviously it was necessary to house the closing the whole tube in an electrostatic ield. Potenti 
r beam in some sort of a container which could be venerated in such a shield by cutting of | hould not affect 
vcuated. In addition this container was undoubtedly mounted the stray field through the rid due to the shieldit ele 
de of the plane’s fuselage. As soon as the plane started of the plates 
move the container and the fuselage started cutting the Referring to Dr. Gunn's experiment if the evlind 
rtical component lV’ of the earth’s magnetic field, causing a ippears that such a device would be ong nf hon 
tential to be set up from one side of the fuselage to the venerator. If L understand his set-up, an electric eireuit 
ther or from the same side of the container to the other sisting of a connection between the 1 concentric evil 
Such a potential would set up an electrostatic field across the the brushes and external connections, was placed in a magnetis 
m which would exert a force on the electrons equal and field set up by the solenoid. When the eylinder ere rot 
nposite to the force exerted by the intersection of the elee with the solenoid stationary " potential " ¢ wp oy 
rons with V. connection between them. No potential was generated j 
In the case of the vacuum-tube instrument the actions in external connections because the external connection ere 
tube can be described progressively as follows: When the not moving with respect to the solenoid Now, when the « 
ibe is stationary and only the “A” battery circuit closed, ders were stationary and the solenoid was rotating, assum 
ectrons are emitted from the cathode until the cathode that the magnetic field) rotated with the olenoid, both the 
juires a sufficient positive charge to attract back to itself external connections and the connection between the evlinder 
| electrons emitted. When both the “A” and “B” battery were cut by the magnetic field and potentials were generate 
renits are closed the positive charge on the plate sets up a in the loop which added to zero. Assuming the eylinders to 
trav electrostatic field through the grid to the cathode which rotated in the ime direction and at the ime speed 
pposes the positive charge of the cathode and attracts some solenoid and assuming the magnetic field to be rotatin 
ectrons to the plate. This flow of current through the grid the solenoid, then zero potential would be generated in- the 
n be thought of in terms of the external circuit of a genet connection between the evlinders but the potential generated 
tor; that is, a potential gradient is set up which causes in the external circuit should give the ime effect 
electrons to flow from the negative to the positive. After the electrometer. When the eyvlinders are rotated at amy wed the 
ectrons have passed through the grid they are attracted potential generated in the cylinders is different from that ger 
to the anode and returned to the cathode through the “B” erated in the external connections irrespective of rotation of 
ittery to set up a continuous current. This current ean be the solenoid, and an effect is detected in the loop. When the 
opped by nullifying the effect of the stray field through the solenoid is rotating its effect on the eylinders is equal ar 
vrid and in addition overcoming the effect of the initial opposite to the effect on the external cireuit and no re 
elocities of the electrons emitted from the cathode. In the effect in the loop can be detected. Nothing different 
onventional 3-element vacuum tube this is accomplished by expected from a combination of these condition It 
mpressing on the grid a potential which sets up an electro therefore appear that the action can be explained even 
tatie field between the grid and the cathode opposite in rotation of the field with the solenoid i med 
irection and approximately equal to the stray field. In th VV. & Queens Klee. L& Pf 1. A. Broos 
icuum-tube generator the stray field is nullified by the gen Vew York, May } / mit lee WH Ning 
ration of a counter electromotive force through the space if 
ceupies. This action is similar to the action of the counter 
ectromotive force in a d.-c. motor. To the Waiter: 
\ssume a d.-c. motor having a potential impressed across The difficulties encountered in the design of true direct 
‘terminals and a stationary armature. Electrons flow through finder do not rest on an absolute principle which makes it 
ie armature winding from the negative terminal to the posi possible to obtain orientation from readings confined to obser 
ive terminal. Now if the armature is allowed to rotate it tions within a moving object. Different kinds of field 
‘celerates in speed and at the same time the current flowing different possibilities in this respeet. Take, for inst 
ecreases due to the counter electromotive force generated uniform. stationary field \ light consideration vil 
the armature winding. The polarity of the counter electro that there are no theoretical obstacle tvninst measuremer 
otive force with respect to the circuit is the same as_ the of the speed with which the object crosses the lines of 
larity of the impressed electromotive force. In the case of field, irrespective of how this is being done. On the oth 
ve vacuum tube generator, as the tube is accelerated through hand, it will never be possible to obtain any informatior 
so that an induced potential is set up across the grid hay inv movements parallel to the lines of the field. Velocit 
ing the same polarity as the stray field, the effect of the stray components square to the field are thi ixmruae heute ntike titel 
— increasingly nullified, causing more electrons to be not the parallel ones. If we had, on the other hand, 
eturned to the cathode and thereby decreasing the plate lating, uniform field, the Doppler principle could be brought 
urrent until zero current flows in the plate circuit. If condition: into pl iy in order to obtain the parallel component. On « 
re such that the polarity of the potential induced by move earth only the stationary magnetic field i ivailahle and he 
ment through V is opposite to the polarity of the stray field, fore anv instruments for complete orientation, utilizing above 
then the plate current is increased—the same as the current principles, could be put on the market, it would be nec 
through a d.-c. motor would increase if the motor were made to create such an oscillating field beside the present magneti: 
fo rotate backwards. field. This is, of course, a technical possibility but, perl 
\lthough the plate circuit of the vacuum-tube generator is not an economic one 
closed loop, part of which comprises the interior of th Even the gravitational field of the earth can be utilized, 
ihe and part of which comprises the external plate circuit, however, by an integration-accelerometer as alread uggested 
nd although movement of the tube through V causes V to be bv Mr. Steensen. The instrument acts in this case a 
t by hoth of these parts of the closed loop, the effect on “ether-log” making possible the finding of position and dire« 
‘ portion of the circuit passing through the magnetic grid tion by dead reckoning 
» considerably greater than the effect of 1” on the external A curious example of an “apparatus” for the autarchia 
te cireuit, because in the first case the effect acts upon the determination of the relative movement of the earth in ref 
tray electrostatic field through the grid as set up by the ence to the moon is provided by the tides. The motive power 
sitive potential on the anode whereas in the second case the in this case is provided by a locall; irving potential difference 
ction affects the anode potential. Since the tube is so de of the gravitational field 
‘igned that the streneth of the stray field is smaller than the Star Electric Motor Co Lawr KF. Wipmark, 
‘trength of the electrostatic field in the vicinity of the anode, Bloomfield, N. J., May 12, 19 Chief Engines 
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Accurately 
Guide and Regulate 
Process Operations 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, temperature 
and speed. These gages are available with 
any number of pointers and any scale com- 
binations from one to twelve. Actuating 
mechanisms may be oil-sealed bells or 


diaphragms. 





Multi-Pointer Gage 


Boiler Meters for recording combustion 


conditions and guiding boiler operators. 


Flow Meters for 
indicating, record- 
“mg and integrating 
the flow of steam, 
water, sewage, air, 


gas and other fluids. 


Recorders for 


temperature, pres- 





sure, draft, speed 


Recorder-Controller 


and other factors. 


Granular Material Meters 


for accurately measuring 





the flow of coal or other 
granular materials in grav- 
ity chutes from overhead 
bunkers. The total quan- 
tity of granular material 
is shown on a large illumi- 
nated counter which may 
be easily read at a dis- 


tance of 50 feet. 


Coal Meter 


Control Systems for combustion, flow, 


pressure, temperature and other factors. 


{ omple te information on any of the above Bailey 


Products wiil be gladly furnished upon request. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Road e Cleveland, Ohio 
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lectricity Meter: | 
for Special Rate 
Structures’ s 


By PERRY A. BORDEN and M. F. BEHAR | | 





WY 
4. Lagged Demand Meters fo) 
(Continued) “| 9 | 
(c) Magnetically Lagged Type og 
. ee i 
The only magnetically lagged demand meter which has re 
of commercial production is the General Electric “Type W” oe 
» . y ii 
cator, first appearing about 1910. This > 
f 1) the ul 
nging the 






(e) Mechazt 





? 
ad “4 A rec nt ¢ 
shouse “T} 
disks on a common spindle constitute “a 
> of the 1 


instrument, Fig. 43-33, is essentially 
an induction type polyphase indicat- @ 
ing wattmeter having an abnormally 
strong magnetic damping system. As e 
in the polyphase watthour meter, two 

® 





the moving element; but in this in 
strument the two electromagnetic ele 
ments of the polyphase metering sys 
tem act on the upper disk, leaving 
the lower free to rotate in the com 
bined fields of a group of powerful 


ogarithmic 


Ae 


, photogra 





£ 
’ 





permanent magnets. The rotating ele 
ment is controlled and restrained by 
a system of spiral springs which per 
mits it to make three complete revo 
lutions, in which the pointer—driven 
by a dog connected to the spindle 
through a 3/1 gearing—traverses the 
dial but once. The pointer is held at 
its maximum deflection by a_ small 
ratchet, manually released when the 
meter reading is taken. The charac 
teristic of this meter is essentially 
logarithmic, the element following the 
same law on increasing and decreasing 
loads; but mechanical limitations restrict it to a relatively short ti 





Fig. 43-33 





(d) Capillary Flow Lagged Type 

Essentially, the principle employed in fluid-flow type demand 
extremely simple—a homely analogy being the common hour-glas 
of the liquid in the bottom receptacle is the “pointer”; the quantit 
accumulated in the bottom receptacle depends both on the time dui 


} 


flow took place and on the rate of flow. The rate of flow through 





depends on the head which causes flow; and in a demand mete: “—_ igh 
is made to be a function of the load—approximately a sine funct S wel pee 
reservoir-tilting designs. With an upper reservoir of infinitely lar # imparted to th 
this head ¢and the rate of advance of the “pointer”) would remai ue load is 
while the load remained steady; with a purposely small upper 1 t nat toe 
flow rate at constant load diminishes according to a rough approx : % oc 
the logarithmic decrement function—the exact law depending, of m and 





the geometric design of the “hour-glass” and on the relation of 


A ; ot 

the angle of tilt to the value of the load at any moment. ei 
i 

*Fifteenth chapter (XLIII) of Part Seven (Handbook of Industrial Electrical » f 

and Control) of Béhar’s Manwal of Instrumentation. See editorial announcement of t! : is eat 
page A7 of November 1933 Instruments. Each chapter is subjected to a final rev eed of B 

before its appearance in this serial form, in order to assure that the subject matter : hs 1S 

up-to-date. This new book is not published serially in any other periodical. Entir : Ne ring } 

right. To be issued in book form on or about Jan. 1, 1936. the rotational 


**Editor, Instruments 


tMember A.I.E.E 











' 
For a commercial example of this type wa 


, may select the demand meter made in England 
/ 
by the Reason Mfg. Co. In this meter (Fig 


, y 43-34) a solenoid type electromagnetic clement 
tilts a two-reservoir system in proportion t 

= the line current, in exactly the same manne 

a =, 8 as the pointer of an ammeter 1s deflected, 
gf = causing some liquid to flow from the uppel 
NO ” | = [ to the lower reservoir through the capillary 
r wim, (| F At the beginning of a demand interval th 
NUH | = liquid is all in the upper reservoir, so that 
| | | upon application of any steady load, the imtial 
tt | = flow rate will be the maximum for this valu 
) i ce of load, thereafter diminishing. The demand 
| “Sf interval is fixed by the dimensions of the uppet 

r a ¥.|| reservoir and capillary, and by the viscosity of 
ONO} the particular liquid sealed in at the factory 


(It goes without saying that the liquid must 





be one which has a low temperature coefhcient 
of viscosity within the “room temperatur 
nge.) In addition to the Suteiamnnias 
en the upper and lower reservoirs: 


inging the tube system counter-clockwise >90 


capillary, there is a large-diameter 
it is for quik 


] + ~ 
KIY setting at ero 


(e) Mechanically Lagged Logarithmic Type 
A recent development in mechanically lagged demand meters is the W 
shouse “Type RL,” now available as an attachment to watthour meter 
ice of the regular register. In the registration of demand this device follow 

logarithmic law whether the load be increasing or decreasing. Fig. 43-35 
, photograph, and Fig. 43-36 a diagram, of this registet 


A and B are small ywwn gears which with planetary gear G_ fort a difle 
1 eR Re: iS Oe ed a ee | ; ; 
h, through the relative speeds ol! its parts, co is the a | I 1 ( 1] 
nC. The cam is mounted 1 shaft which connects with demand pointer D \ 


ninum ball rests against the edge of cam C and is positioned between driving disk | 


d driven drum F. At the zero position of the cam, the demand pointer is at 


the scale and the ball is held at the exact center of driving disk E Gear A of 
diferential is driven by the watthour meter; gear B by drum F of ball mechanis: 





! S there is no load on the watthour meter, and if the bali 1 it 
n, the differential remains at rest and drivi 


1 





eed due to a tior with tl 


parted to the ball and the demand pointer remains 


If a load i lied to the watt r. it | { 

@ 1040 18 appuied to the wattn ete Ss side < r i 
> + 1 1 ] } | ] ] 
d proportional to this load, the cam begins to move and ince dI i tilted 

| ree "air 
gent angle the ball follows the am and moves a ttle away 

> ; 

E Immediately the ball begi t rotate about an ax Vv is para 

r 1 rh } } 1 . } + } 1] } +} ’ 
im and which passes through the contact point between the ball and ca » tha 
rp ie « fs 1 ' 
€ is no Iriction at this point to prevent tree rotation 
ince the ball is resting on drum F and rotating about a parallel ax 
it the same surface sper d as the ball and in turn driv ear B a dire 
1 to be opposite to that of gear A. Thus the motion of planetary gear G wit 
C is equal to the difference between A and B: therefore, 1 ra 
peed of B paual to that of A. th nin ' A 
4 Or D is equal to that i #1, the Cam remains stati iry if po 1 
Kelerring again to the position of the ball against drivis isk E 
. a 1 1 { P 
ional speed of the ball and, consequently of drum | proportional to t 


WILBIN 


ELECTRIC 
ry . 
TEMPERATURE 
‘ ‘rn 
CONTROL 


includes 





NEW 
THERMOSTATS 


or every industrial purpose he 
ing, cooling or air conditioning. | 
voltage, wit ty pe el ‘ 

i F., wit ong or short range 
uulbs for any purpose. Also mult 
contact type (il to 3 eparate t 
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All of the above is analogous to a thermal meter, thi point it 
vances at a constantly decreasing speed until the escape of hi ut 


the heat input due to the watts in the circuit being measured. | 


any load 1s applied, the time ¢ to reach any point da on the 





the equation t == T log, where b 1s the final reading and 
l . 
b—a i 1) Indicatins 
entage of that reading and T is the time which would bh 
1 D nN 
the former balance point in the thermal meter if there wer : 
As Remote Indicating medi- ting —O 
Then, if the 90% point is selected, the equation becomes T | id than 


ums in connection with... ' 
ort 2.302 T termination 
TEMPERATURE... The designer of this meter has further pointed out' that the tim ’ f the 


a given design of thermal meter may only be determined and 


periment (after first building a model and operating it with var 





until the desired value of t is found from which the value of T n tamperes 
lated), whereas in his new mechanical logarithmic meter “we 1 h have b 

the desired condition by simply stopping the synchronous m a 
watthour meter will carry forward the cam with its attendant d pel 

it a constant speed and will reach a given point in a time which 1 \ combina 

by the gear ratio between the watthour meter and the demand buling 1s 

: which is the value of T in the above equation.” pm aan 
la. Thi 

ir met 


(f) Mechanically Lagged Straight-line Type 
The only commercial example of a mechanically 

a straight line law is the Westinghouse “Type R 

applied steady load the pointer approac 


, lagved 


PRESSURE... 


al stora 


QO,” in which 


sis. By inge 
ttmeter cll 
se-shifting 

f the ir 


] 
1 reading representative of the value of th 








r volt-am pe 
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W f 
> + Chop ‘ variation 
|| ser to deter 
FLOW... “= t wer factor 
1. Same 7 iy be adju 
a: a ee | load with 
4 == earn sting or op 
(b) Recordi 
= ‘ 
v . As has alr 
: mple record 
the measu 
ilue is dire 
And hundreds of applications where S — _ tA =. | 
a eters of the 
Remote Indications are desired. ntour of 1 
L, ol MOUr O 
e Operates 32 volts A. C., 60 cycles, & ga ken as an 1 
single phase ¢ Two or three Indica- pointer 
, ; Fig. 43-37 ‘ig. 43-38 btained « 
tors may be operated from a single ‘s re 4 - d 
. . + ine ' id Huctua 
transmitter © Write for data. stood by reference to Fig. 43-37. It c Mprises a watthour meter and 7 ru 
element both associated with a common electromagnetic system. Th 1 but 
, i 
meter element has the usual retarding magnets and is geared to a! ‘ate 
) gays ~ ’ - P rif 
PIONEER INSTRUMENTS register in the conventional manner. The wattmeter element consis ek of 
; vr 
Pioneer Instrument Company Incorporated iary disks moving freely in the air gaps of the electromagnets wit ts 
= . VICE 
rh War ainw ¥v , fering w he mat isks > shaft o > auxiliary disks cart 
BROOKLYN, NEW YORK ering with the main disks. The shaft of the auxiliary disk ca a” 
spring, so that its deflection is limited and tends to correspond t te 
A Subsidiary of the Bendix Aviation Corporation . dais 
1B. H. Smith. A New Type of Det Meter. / \ Feb S system in wi 
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instrument. A short pointer or dog represents the position of th 
sks at all times, and also serves to move a pointer which is held in 
of maximum excursion by a releasable pawl, providing on a circular 
dicatior of the greatest deflection of the auxiliary element. The rat 
on of the auxiliary element is controlled by an escapement connected 
liary train through a ratchet, so that the disks may drop back freely 
ease of the load. The pallets of the escapement are definitely oscil 
e watthour meter element, so that on increasing deflection the auxil 
and the indicating pointer tend to approach a position representive 
ue of the load and at a speed proportional to the load. Since the 
leflection of the auxiliary system and its rate of deflection are both 
nal to the load, the time required to reach equilibrium on any load 1s 
ind is governed by the gear ratios embodied in the train 


5. Volt-Ampere Demand 


(a) Indicating or Registering Devices 
It has been pointed out that the limiting factor of most electrical apparatus 


| ating—often is more closely related to the volt-amperes represented in 
load than to any other measurable magnitude; and for this reason th 
surement of volt-amperes is probably of more use as a basis of demand 
termination than as the basis of integration or of a simple graphic record 

of the standard types of block-interval demand registers fitted to o1 
lt into a volt-ampere-hour meter will provide an integrated volt-amper 
mand. A meter or register of the lagged demand type will read demand in 


amperes if its measuring system be actuated by any one of the methods 


ch have been described for volt-ampere measurement 
mbination Volt-ampere-demand and Watthour Meter (Lincoln “4L-2” ) 


A combination instrument developed especially for metering loads in which 
billing is based on a contract which takes cognizance of both energy con 
ption and volt-ampere demand is manufactured by the Sangamo Co. in 
ada. This Lincoln “4L-2” meter, Fig. 43-38, embodies two single-phas 
itthour meter elements connected through a differential register to measur 
yphase power (see Instruments, April 1935, page 90) and also a Lincoln 
rmal storage meter which may be set to indicate demand on a volt-amper 
isis. By ingenious design the transformers which are essential to the thermal 
ittmeter circuit (see Fig. 43-31) are also made to perform the function of 
seshifting transformers, and a tap-switch operable from the outside of th 
ise of the instrument enables the user to select the best value of power factor 
r volt-ampere determination. It will be remembered (see Instruments, April 
35, page 95) that by proper selection of phase-shift it is possible to measur 
ltamperes with a negligible error, through a considerable range of power fa 
tor variation. A curve appearing on the nameplate of the instrument enables th 
ser to determine from the relative speeds of the meter elements the value of 
wer factor at which the tap-switch should be set, so that the one instrument 
iy be adjusted to perform volt-ampere demand measurement on any typ 
{ load within its scope, without the need for auxiliary equipment either in 
sting Or Operation 


(b) Recording Volt-Ampere Demand Meters. 


As has already been pointed out, the recording demand meter differs from th 
imple recording instrument in that the element of time is definitely incorporated 
n the measurement performed (as well as in chart travel) so that the demand 
value is directly determined by the excursion of the pen or stylus across th 
sraduations of the chart. When the recording principle is applied to demand 

eters of the block-interval type, as in some of the forms already described, th 

mtour of the curve formed by the successive demand indications may b 
taken as an index of the load characteristics over a period of operation. When 

pointer of a demand meter of the lagged type is replaced by a pen, ther 
obtained on the chart an actual load curve, much overdamped, so that all 
ipid fluctuations are smoothed out; and in many cases such a chart is found 
serve a useful purpose, not only in the provision Of a measure Of maximum 
mand but as a graphic record of operation. Theoretically at least, any volt 


mpere-hour meter or volt-ampere meter system which can be adapted to a 
vice for obtaining an indication of volt-ampere demand can also be adapted 
a device for obtaining a record of that magnitude. In the development of 

recording volt-ampere demand meters as have been commercially pro 
ced, however, it has generally been found expedient to employ a mechanical 


stem in which the volt-ampere value is geometrically determined from simul 
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; ae 
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Hydron Bellows are free from the ordinary 
weaknesses resulting from surface injuries 
and other imperfections inherent in other 
methods. Furthermore, due to the high 
pressures employed in forming the bellows 
any imperfections such as pin holes and 
local weaknesses are automatically detected 
in such a manner as to cause instant break- 
down of the tube prior to the complete 
formation of the bellows. 

End fittings or connections can be attached 
as a mechanical joint, or by solder, before 
the bellows is formed. They are thus pre- 
tested for leaks as an integral part of the 
bellows. 

Complete bellows assemblies for pressure 
controls, also filled and sealed units for 
thermostatic devices, made to any reason- 
able specifications, are a specialty. Com- 
plete engineering service on all problems 
involving adaptation of metallic bellows. 


Write for latest catalog 


CLIFFORD MFG. CO. 


564 East First Boston, Mass. 


Factory Representatives: 
Riley Engineering Corporation, 1481 14th Street, Detroit 
Franklin G. Slagel,923 East 3rd Street, Los Angeles 
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, 
incous Measurement of active and reactive component ol 


best-known recording volt-ampere demand meters are describ 


paragraphs 


Westinghouse “RI” Volt-ampere Demand Meter.* 

The Westinghouse recording volt-ampere demand meter, | 
hines the action of a watthour meter with that of a reactivi 
to produce a deflection proportional to the volt-amper Tl 

] 


) aluminum ball supported on the edg 


] 


through the medium of a1 
driven by the action of the respective metering elements, and 
] 


a third disk which can roll only on a great circle of the spher 
will be understood by reference to Fig. 43-40. Disks d, and d 
i reactive meter and a watthour meter respectively. Ball C 


] 1 
them in such a manner that radu passing through the points of 
it 9 In operation the ball assumes an axis of rotation X-Y 
pendiculars a and b are proportional to the respective speeds 
will be evident that in either of the two right triangles abc, th 
—_ £ 
w 
& 
( 
—. a 





Fig. 43-40 
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b. Hence the speed of rotation of the sphere about its axis will be pr 
to the vector sum of the velocities, or, with the angle 90° as al 
square root of the sum of the squares of the velocities—that 1s 
amperes of the load. Wheel W is mounted in a movable frame, s 
on a great circle whose plane is always perpendicular to axis X 


sphere is the hypotenuse of the triangle and therefore the vector 
| } 


) 


frame is free to swing about an axis passing through the center 
perpendicular to the plane in which X-Y lies. By means of gear 
drives the demand pointer of a mechanism similar to that of the “R 
previously described (see Instruments, June 1935, page 144) so tl 
of volt-ampere demand on a block interval basis 1s obtained. Th 
element of the meter also positions a demand element which serv: 
for the pen; and, since the watthours can never be greater than th 
value, this stop can never be above the position of the pen. As 
released by the timing mechanism it falls on the stop, where it 1 
enough to make a definite record, after which it drops to zero. T! 
obtained on the one chart a record of volt-ampere and watt det 
which the power factor at any time may readily be computed. A 


Ru r, ’ \ 13 Bb. H 











pon which is shown th« inclination of t { t the bal provid 
1 } 1 1 

in indication of the power Tacto! ind n the meter 1s a canenet 
regular watthour meter register, there is provided a mass of ck 


mation in regard to the load on the circuits to which it 


— . 
ae Time Is Mone 





1 r is shown in Fig. 43-41; and its operation will be understood by is a common saying. However, to tl 

to Fig. 43-42. The fundamental measurement is made by a watt — M brain work dha 
ind a reactive meter, each of which operates a three-lead contact LAGE SER MRCS aah ee ; 
rding device. The contacts in the energy meter, through a simp! You cannot buy five more years 


live 
ingement, cause a pen to move at right angles to the travel of a strip 
An automatic crew machine 


time and saves money for th 

facturer and for those who buy si \ é 
machine products, We have a nad 

of time-saving devices to fa it 


doing our physical work 


B j | ’ 
rl every PiuIVSTCAL Op ration 


matter how buitomaats itW 
preceded by MENTAL work. We 
have to decide mentally what to de 


before we can start the proper a 
matic to do the proper job 
Ns i rule. thre Layane comstmed 


thie preliminary mental work neat 
4 
' , 
times greater than act intly needed 
Is it not common sense ind rood 
by siness to « msider thre \} vel 


of time on mental work 


Self-starters and automoh 
our backs and legs. Our pln i 
work has been brought to I) mn 
mum bv labor WViIng machine rs mia 
ipplianees Phen whi ire W 1 
out soimuch of the time lt probah 


iS because we ive fagwed out 





r€, mental labor which we do in 
‘ fullv inefheient manne 


# The home sfudu COUrs ol {} 
a Theory and Technique of In 
‘oe Fig. 43-41 Practice is simply a set of men . 


: f hart, the linear motion of the chart being obtained through another motor labor-saving and time-saving 7 
» perated by contacts in the reactive meter. This instrument f the bl Pb sering. oF Hanes mentat a a 
nterval type, a simple timing device serving to reset the pen to zero at eign eel SP a enn, binge 
nd of each time interval. The pen thus draws on the chart a seri f right we need fol ee ee 
ingles representing successive time intervals. The angle of the hypotenus pier. To a oy, aatiebees 
1 much more than mone 


} " 1 id a 1 ’ 1 ‘ 
each triangle represents the power factor for that interva the length 


Whethen oul mind = iv] thie 


n Reactive Volcker Hout M mn Wattnour Meter plugger” or of the “fla 
whether vour work ho 1, 
Ve lopment | tric j 
mechanical vou can make vou nad 
produce more ind bette technics 
ideas—- with | exertion——bv studs 
| b ; - Fig. 43-42 ny thi COUT SE 
L f- } e 
oa of Nive | WRITE FOR FULI 
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3859 NorruaMPerTo Roap 
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hypotenuse the volt-ampere demand, and the base line the kilowatt demat 

+} ] J , 

the chart a separate section with another pen operated back and forth 
twenty-four hours, gives the time of occurrence of each demand by 11 


On 


ry 


spection of the chart. With this type of meter is furnished a chart havi > 
special graduations which facilitate the readings of the several magnitud It is Ideas that Move tl World 


recorded thereon. 


U.S. Patent No. 1,790,052, Lanphier & Holtz, Jan. 27, a 
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Recording Gas Gravitometer 





A direct-weighing instrument of demon 
strated accuracy and reliability, producing 
a temperature-compensated record of spe 
cific gravity of gas from a continuously 
flowing sample. Indispensable in the ac 
curate measurement of large volumes and 
as a record of heat values. 


Produced in the Laboratory of 


GEORGE SYDNEY BINCKLEY C. E. 
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erned by an electromagnet, which may be controlled by an 


one of the registers may be arranged to read energy consumpti 
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6. Two-rate Meters 


Europeat he two-rat met 


practice has made some use of t 
t registers, either of which 


into engagement with the moving element. The throw-ove1 


vatthour meter having two dist 
switch or by an impulse from the central station. With a met 


* 
times, when the demand upon the supply system is high, and t} 
those hours when excess plant capacity is available. A highe: 
energy registered by the former dials tends to shift the load 


system pr aks and fill up the valleys in th load curve 


7. Excess Meters 


In the excess or differential meter the mechanism provides 
registration of all energy consumed at loads exceeding a predet 
Referring to Fig. 43-44, which represents a typical load curs 
selected as a limit to be embodied in the power contact. The tota 


the load curve is integrated in the ordinary manner and register 
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1 ] 1 1 1 11 
dials, and that portion which lies above the predetermined limit ( 
hatched in the diagram) is also registered on another set of dia 
possible to formulate a billing structure which tends to keep di 
1 1 1 
by placing a surcharge on excess demands. This type of meter has 
wide popularity in this country, but its design has reached a consid 
of refinement in Europe, and some American authorities hav 
its serious consideration.* Several different principles have beet 
these meters, one of the best-known being exemplified in the La 


register shown in Fig. 43-45. In this register the train 2 is driven | 


hour meter through worm § so that it registers the total consumpt! 
same time the meter drives crown wheel 9 of the differential, thr 
train 3, 4, 6, 7, 8 and 15. The other wheel 10 of the differential is 

constant speed, and in the opposite direction, by clock movem 
piniona 17, 18 and 19. Should the consumption be less than the fix 
number of turns of wheel 9 driven by the meter will be less than th 
10 driven by the clock movement. Differential 
the direction of rotation of wheel 10, and pawl 14, fixed to the spi 
ferential pinion 16, slides over ratchet wheel 12. As a result this 


+ 


pinion 16 is theref 


not transmit its movement to the spindle of the counting train 1. O 


hand, should the energy consumed exceed the fixed limit, differential 





and its spindle change their directions of rotation, so that counter | 
tering. It is evident that from the moment the speed of rotation of 
pinion spindle 16 equals the difference in speed between the met 
counting train, counter 1 will record the difference between the total 
tion and the fixed limit, while the total consumption will continu 


tered by train 2 j 


P. M. Lincoln. / ineecr, Dec 
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GRAPHY ANALY rm FORM DISTURBANCE TESTS pena ELIMINATION met fc METHOL STUN Ibe rec 
\ 
By VERNON S. THOMANDER® and PAUL MacGAHAN* 
QO anyone who has not closely followed the de trical magnitudes—depth sounding, geophys 1] 
velopment of the oscillograph as a tool of engi tion, ballistics, ete. Sounds. music, light, gl 
neering, the above chart will be of interest. The strain are measured and studied, and 
oscillograph of most engineering textbooks, as originally are taught to speak. 
produced by Blondel in connection with the development To the inventor and the designer, the m nd 
of generating machinery, and the later Duddell oscillo of all motions must be mastered if developme: 
graph, were complicated and cumbersome pieces of ap tinue. Many of these details—mechanisms 
paratus, suitable for use in scientific laboratories only. cause they serve the purpose and because the) 
’ . . . . r e Pa etic 7 } _ ra d 
L.. T. Robinson further improved the design of the Dud found by practice, but when their why - I 
dell type, greatly extending its usefulness as a tool of are not known, these devices are sleight-of-har 
. , ibe . : ’ . PS | ‘Signer ¢ resea roche a ‘o 
research. But it remained for J. W. Legg to invent the my bo de eta ind the esta mai | 
; “monkey-motions” seen, examined and me 
means for producing an oscillograph of the portable ~ibceae a it 
he Ti, ; oscillograph is the instrument now generall) 
instrument type applicable, like other portable instru Bes aa yal ts . ind 
3 Day bv day it is raising the design limits 
ments, to uses outside the laboratory. elie : 
— . = ’ apparatus. 
Legg’s inventions, permitting the use of the incan a . —_ la 
wae i ; c rhe oscillograph is an instrument which 
descent lamp instead of the carbon are and applying ; ‘ an) Age age 
: . called instantaneous or rapidly changing ele: 
cobalt steel to the magnetic system of the galvanometers, : as 7 ; 
ewe fiat . : nitudes as a function of time. The record ma é 
revolutionized the art of oscillography. As will be noted Agee ; ; 
. viewed on a small screen or photographed 
from the chart (which was prepared especially for paper. The research problem then becomes 
Instruments by the oscillograph development ‘ ngineers transforniu® a mechanicel motion fate an clect , : 
of the Westinghouse Company) applications of the mod nitude—which in most cases is a simple p s 


ern portable oscillograph extend not only through the locations ofl domes or rock lever. it is don: 


original field of ordinary electrical magnitudes but also of sound and picked up by microphones: 

to radio, medicine, measurements of physical non-elec graph records the change of current through t 
*Instrument and Meter Engineering Department, Westinghouse Elec phones. In locating various ores it is done hy 

tric & Mfg. ¢ Newark, N. J (Continued 
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The Cathode-ray Oscillograph 
and Its Applications 


By RALPH R. BATCHER 


INTRODUCTION of which depends upon the degree of exhaustion. ‘I 
bas —s — is, however, no intermingling of the two types o } ‘ 
RES izing the principles of cathode ray ire 
4 K. uti S | | : 7° ind i d irk Space Is ho ced betw nN iit i hia 
na the oldest members of the electronic tube ; 
4 , ; istic first noted by I iraday 
family, the effects having been discovered mors he tise deaese: of ‘wetcns. te ineseased.-the 


nf ive vears ag ie 4 ifie ) ° é 4 ] 
nty-five years ago Moditied types idapted for glow increases and the positive glow recedes, th 





in § 
sual delineation of electrical waves, received atte ntion Siaiky cnnsiin ualinic Ties severe Mette! 
s laboratory instruments following the work of Braun ee a aS cee ie saalaile 
» 1897. Beeause of the remarkable results he obtained Pia A: eM tee abil atin weil, Aleks Reina , 
making oscillographic studies the tubes were called ind hovers in space unattached to either electrod \ 
Braun tubes, a name which is still sometimes used. the same time a second glowing region appears to 
Cathode rays are known also as electron jets, a designa round the cathode. Then, as the air pressure is furt 
tion that seems to have considerable merit. reduced, the luminosity becomes less distinet and a new 
Due to many recent advances in the technique of mak effect appears: At a Leite, usted sponding to about 
ng fluorescent screens, together with improvements in millionth of an atmosphere, all gaseous glow has p 
focusing methods, cathode-ray tubes are becoming indis tically disappeared, but the wall of the glass ss ade z 
n nsable in many measurements. Often a single sweep ot the po ee starts to glow with a distinct color { 
le Tay over the screen is suthcient to disclose the opera own. a greenish color for sodium glass or a dull | 
tional characteristics of a circuit under test that would the harder lead glasses. This effect was termed fl 
‘J quire hours of data taking and plotting if other meth cence and was found to be due to a type of rad 
ds were used. from the cathode. This gave rise to the name Cathod 
This series is prepared to provide working plans for Ravs. A large number of substances were disco 
tting up such tubes and operating them and for con hint -ancei hh Mtiendetn tate ibiected to this radiation 
| structing auxiliary apparatus and equipment; and to Ticos save inane fat in atvaiokt lines perpendicul 
ndicate methods of studying the resulting oscillograms. it Bl eacelieie: all the viades Ci ered Miah thet tad 
Examples are given of common traces which can be used placed in the direct path of this radiation became heated 
n becoming familiar with such diagrams. It should b: EE ae ee ee pressure upon such object 
; considered as a working handbook on cathode tube opera ‘ust as if they constituted a stream of material pan 
: on, rather than as a theoretical treatment of electronic " In studying these phenomena Professor Roe alias " 
ray projection. mitted cathode ravs to fall upon a hie ivVV met il targ 
{ number of tubes are now commercially available whereupon he found that they caused a still different 
both with and without the power supply. The operation type of radiation to be emitted from this. tarect.. T) 
the ordinary “sealed off” type of oscillograph tubs effect mystified scientists at first, ind thie second ir 
will be dealt with in particular. The operation of th were termed X-ravs. In time. however, they were 1 
high-voltage type tube within which a photographic plate oughly investigated, found to be electromagnetic rad 
s inserted in lieu of a visual screen, and which must be tion of short wave-lengths. and have since becon 
re-exhausted before each exposure, is highly specialized of the most useful types of radiation 
| ind not of general interest for ordinary testing purposes From the great rae of experimental and theoret 
work by many investigators of cathode ray phen 
many interesting properties wer discovered Among 
CATHODE RAYS these it was found that the constitution of the ga 
BOUT the middle of the nineteenth century, the cy eliesd the kind of pure gas remaining oe 
discovery of certain striking phenomena that re did not affect the main charac ver sti “ a om " -— 
sult from the passage of electricity through evac iso that the shape and m “ rial Of tne ¢ ‘ ‘i | 
iated tubes stimulated investigation by many scientists, ne: EEperam bearing upon the principal effects 
ind many new and interesting effects were produced s he most important d = ries were }% f Wi 
luring the next quarter-century. The familiar sparks nelt, that the cathode gave out a greater amoun , 
| that occur with the passage of electricity between elec tion 1 he ited; and - that t radiated 
l trodes at atmospheric pressure give way to a character strongly i the heated surface was coated w - 
: stic luminous discharge between the electrodes at even rare earth salts. 
ioderate degrees of exhaustion (say about 0.01 atmos The cathode radiation was shown to | 
phere). This discharge corisists of a pink glow extending electrically charged particles, or electrons, moving at 
from the anode or positive terminal up to a short dis speeds considerably slower than that of lig but n 
5 ince of the (unheated) negative terminal or cathode theless faster than any other material particl he 
Surrounding the cathode a violet glow is noted, the size actual speed, however, depends mainly upon tl a 
Ra : ating potential applied hetween the anode and cathode 
} I [. wy wtbote-ray ma eee Cathode ravs are not light WAVES, AS the \ ha eno Ww 
A r. Fiuorescence. Poggendorff Annalen, Vol Py Pee length of their own, and are visible only through thi 
£ : . Ueber ein Verfahren zur Studium des zeitlichen Verlauf fluorescent action, wherein they excite electro rnet 
+0 E trom. Annalen der Physik und Chen Vol. 60, 189 ‘ radiation in the visible spectrum 
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A jet of water issuing from a hose would travel in a 
straight line if it were not affected by gravity, wind 
pressure, etc. In a similar way a stream of cathode rays 
travels in a straight line until acted on by some attractive 
or repulsive force. Fig. 1 shows an ordinary horseshoe 
magnet deflecting cathode rays. Both electrostatic and 
electromagnetic fields deflect the rays. Since the indi 
vidual particles (electrons) are negative, they are re 
pelled by bodies carrying the same charge and attracted 








| ~ .Y 
| i | All ah 
| | | a“ | | 
| | | 
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Fig. 1 | | Fig. 2 
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by bodies carrying a positive charge. In ele¢tromagnetic 
fields the rays act in the same way that a wire carrying 
current would act, and move in the same direction (se« 
Fig. 2). It should be remembered, however (especially 
when applying the Fleming left-harid rule or any other 
mnemonic rule), that cathode rays travel outward from 
the cathode, which is in the opposite direction from that 
usually assumed for the current in a wire. 

The energy associated with cathode rays, especially 
when they travel at high velocities, may be made to mani 
fest itself in various ways. Possibly the most spectacular 
demonstration has been the burning of diamonds, con 
verting them into coke, and it even has been claimed that 
atoms can be carried along by the electron stream. 

High-velocity rays, of sufficient intensity to pass 
through thin metal or glass windows, are usually called 
Lenard rays, and cathode ray tubes provided with such 
windows Lenard tubes. Recent experiments have dis 
closed many new and valuable uses to which these ex 
ternal electron beams can be applied, some of which will 


be described in a later article. 
CATHODE RAY TUBES 


The essential parts of these tubes may be classified 

under four heads: 
1. The source of the rays. 
2. Means for focusing and modulating the stream. 
3. Means for controlling or deflecting the stream. 
t. A fluorescent screen. 

Whatever source of rays is provided, and whatever th 
arrangement of the electrodes (not including the deflect 
ing plates), the sensitivity (the amount of deflection 
produced per volt potential difference across a pair of 
deflection plates) depends upon the speed of the rays. 
This in turn is dependent upon the anode voltage, the 
length and the separation of the deflection plates, and 
their distance from the screen. 

In Fig. 3 a longitudinal section of a tube is shown, in 
which the dotted line R represents a stream of cathode 
rays. (The actual form of the cathode C is immaterial 


*arsons and Campbell-Swinton. Conversion of Diamonds into Coke 
by Cathode Rays ! he Ro» S ety, Vol. 80, 1907, pages 
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for this analysis.) The stream R emerging 


orifice in the anode A continues on and in | which 
screen S at some point O. Two deflection on | 
are so arranged that the stream must pass | ae 
but having zero potential difference betwee: SL hysic 
diagram the spot is not deflected. The y: _ | 
stream is dependent upon the exciting volt a 
erally proportional to the square root of this ; . for 
The construction of a cathode ray tube d ae - 1 
in some details from other types of electroni ) ; 
regarding for the present certain types of o ia« 
tubes adapted for the study of high voltag: me 
line studies, the usual envelope is made of vs 
economy and accuracy in alignment of plat ake 
mon practice in this country to bring out as ° 
as possible through the mounting stem at th: H vin 
ever, for use in high-frequency circuits, cor idio 
the deflection plates are sometimes brought 0 olor 
ally from the side of the tube, in order to red yo 
static coupling. With anode potentials higher g 
1000 volts, it may also be necessary to provi cial d 
lead separate from the VS, | 
stem. In Fig. 4 details 5 util 
of the elements of a typi ing. Bor Sul 
cal (General Radio Co.) . . 10 
gas focused tube are pee rq me | 
shown. The electrodes can oO = ~ } 1] 
be made of nickel, alumi i. t ‘es ‘ La 
num, copper, German sil ele ¢ Tn 
ver, or other materials - © hes 
commonly used in other on we 
types of vacuum tubes. ; x. 
Since the degree of vacu c 
um is rather definitely &, 
fixed by focusing prob 7 : 
lems, it is necessary to r ) 4 
select materials that do 4 ¢ 
not adsorb or absorb x pia. 
state 
gases, in order that the a 
materials will not release Fig. 4 
gases after the tube has been manufactured. Ir 
cases secondary emission is reduced if the an 
bonized.*” The use of German silver deflection p 
been advocated to reduce eddy currents when vy 
deflection coils are used. Fig. 5 shows a type of 
popular in Europe, the Leybold (German). Amer ; 
preference is for straight tubes without append 
tual design details will be described in a later r] 
CATHODE RAY TUBE CLASSIFICATION i. 
Suda 
The cathode ray principle has been utilize W 
distinct types of tubes, adapted for different ire ( 
work. A useful classification therefore is «a ling vp 
their uses, such as: vw 
1. Oscillograph tubes of low or medium an . 
tials, sealed off from the vacuum pump and me Me 1 
with an internal fluorescent screen. ” 
2. Oscillograph tubes with an arrangemen ai 
photographic plates or films are placed inside : a 
a screen. This type must be permanently cor 
a vacuum pump. sie 
3. High-voltage oscillograph tubes used for p oscil 
transients and rapid surges. These tubes may bh all 
with either fluorescent screens or for recording 0 
on internally located photographic plates, ar 
anode voltages of the order of 15 to 100 kilovo sa 
: 4H £ Farnsworth. Bombar iment by Slow-moving I it) 
gr a Method of On uining Intense I pe 





, Let tubes, characterized by a “window” through 
hich etron beam can pass. Such an external elec 
-on bea as been used for oscillograph studies, but 
more oftes they are used to supply electron beams for 
jysical, .emical or biological applications. 

. Ph il research tubes, used for the study of mag 
otic fit electronic phenomena, measurement of ‘ 
or for classroom demonstrations. 

4 Pr fon tubes with small screens on which the 


it is brilliant enough to permit its projection 


spol ol i 
screens by means of optical lens systems. 


onte la rg 


Sound film recording tubes designed for use as light 


yalves. 
g Television studio pick-up tubes, for translating 
moving scenes into electrical pulses to modulate the 
nl oo] 


radio transmitter. Usually combine the cathode ray and 


} 


ally of the same type as (1) above. | 


shotocell principles. | Television receiver tubes are usu 


9, Special-purpose tubes. In this group are found spe 
cial designs used as frequency multipliers, electron re 
lavs, ete. In such tubes the current in the electron stream 
< ytilized, and the usual fluorescent screen is replaced 
e supplemented by metallic targets or collectors. 

10. “Cold-light” tubes having large fluorescent screens 
sed as sources of light without heat. 

11. Advertising display tubes wherein trade-marks, 
ete. are delineated on the screen in fluorescent colors. 

In the following articles the oscillographic types of 
tubes will be taken up in detail, and further details of 
other types of tubes will also be given. 





Fig. 5 


Fig. 6 
COMPARATIVE CHARACTERISTICS OF THE CATHODI 
RAY OSCILLOGRAPH 

rhe cathode ray oscillograph affords advantages not 
possessed by other types. It usually leads the field when 
visual studies of a recurrent or cyclic nature are made: 
or when two interrelated effects in the same equipment 
ire compared. It ordinarily costs much less than other 
types. It is more fool-proof in that it cannot be damaged 
by wrong connections to the deflection plates since there 
‘no pointer to bend or coils to burn out. The screen of 
the usual tube is brilliant enough for viewing across th« 
room in daylight, or demonstrating to a large group. Its 
tion is instantaneous and high-speed effects can by 
studied without distortion. Records can be made photo 
graphically either of the individual figures, or of con 
tinuous]} changing phenomena on a moving film. In th 
latter case the results are comparable with those of other 
oscillographs if the anode voltage is increased somewhat 
ver that necessary to give adequate visual indications. 
_ On the other hand the cathode ray oscillograph has 
‘imitations which are disadvantageous when certain 
“lasses of work have to be done. Chief among these lim 
‘ations is the lack of permanent calibration, since the 
position of the spot and the extent of the deflection are 
iffected by changes in the applied voltage to the elec 


trodes, and to some extent by stray fields in the vicinity 
of the tube. Another inherent limitation of the cathod 
ray type, that of having but a single indicator or element, 
can be overcome in some instances by circuit provisions 
Still another limitation is the dimensional limitation of 
the screen, but the other types of oscillographs all have 
a corresponding limitation. 


ESSENTIAL EQUIPMENT 


What equipment comprises a cathode ray oscillograph 
Beside the tube, as heretofore describe d, it is necessary 
first of all to provide 
it. These are 


a plurality of voltages to operate 
usually (and conveniently and cheaply 
obtained from a power supply device connected to th 
power mains, which device embodies controls for focus 
ing and brilliance adjustments. With this, we are enabled 
to operate the tube and are rewarded with a spot of light 
on the screen. Fig. 6 shows a typical combination of tubs 
and power device (as built by the author 

In order to obtain useful information, however, it is 
necessary to deflect the ray in accordance with some 
definite function of the problem under investigation, In 
many cases voltages and or current waves are available 
from the circuit or equipment under test, so that the 
cathode ray tube deflection circuits can be connected as 
are instruments. In this case the spot of light on the 
fluorescent screen will follow functional variations auto 
matically and no othe r equipme nt is re quire d. 

In other tests it may be necessary to deflect the beam 
along one axis In proportion to time, or to rotate it in a 
circle or back and forth at a definite rate. Here som 
ty pe ot sweep circuit is nece ssary. 

Finally, in order to convert non-electrical conditions, 
such as spe ed, pressure, stresses, vibration, ete., into the 
electrical pulse s necessary to produce the deflection, add 
tional equipment 1s required. 

All of these equipment items will be described in di 
tail in subsequent articles, together with developmen 
applications and methods for interpreting and analyzing 


the oscillograms 





THE WIDENING FIELD GF OSCILLOGRAPHY 
(Continued from page 186) 

a potential of a known voltage and Prequenes between 
two distant points on the earth's surface and picking 
up potential drops of this frequency with regularly 
spaced electrodes at as many locations as necessary bye 
tween these two distant points. In determining the in 
stantaneous or varving loadings in any constructional 
member it is done by using a strain-gage which change 
the micromotions to a corre sponding changing current 
The electrical potential produced by iction of the heart 
the motion of a muscle, or the travel of a thought in the 
nervous system, is picked up and recorded by the o 
lograph. 

This instrument has become useful for all manner of 
sequence and timing studie Ss, AS In engine de Sign tor thre 
determination of the ind for 


pressure or work evel 


ignition and timing study - also in radio, partr ularly for 
modulation study, and in the musical conservatory for 


the study of the quality of the human voice. It is appl 


cable in the educational field to exhibit instantaneous 
variables in the class or lecture room. 
Oscillographs are now designed to work automatical 


and are placed out at remote points, waiting sometime 
for weeks ready to start any moment—and to get 
way as quickly as in 1 120 of a second—to record light 
ning strokes and their effects on electrical power trans 


mission lines. 
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Combine.... 
ECONOMY with 
ACCURACY 


The 
NEW 
MJL 

No. 37 


RECORDING METER 











RATE OF FLOW 


LIQUID LEVELS 


@ NO MERCURY 
@ ONE INSTRUMENT FOR ALL RANGES 
OF DIFFERENTIALS 


Send for Bulletin B 


ADDRESS DEPT. A 


—— & we Ltd. 


tjactun 


922 So. et St., a eine Cal 












SELF-CONTAINED, © 
DIRECT READING 
RUGGED— 
FOOL-PROOF 


Unique construc- 
tion enables oper- 
ator to rapidly 
determine tem- 
perature even on 
minute spots, fast 
moving objects, or 
smatlest streams; 
no correction 
charts, no acces- 
sories. 

New concentrated 
test mark and ease 
of operation per- 
mit unusually 
close and rapid 
temperature de - 
terminations. 

Steck Ranges 

1400° to 5500) OF. 


PYRO RADIATION 
PYROMETER 































THE PYROMETER INSTRUMENT CO. 


103-107 LAFAYETTE ST., NEW YORK, N. Y. 
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NEW INSTRUME)! TSE 


In this department we strive to report each month ALL th 1 de 


for measurement, inspection, testing, metering and automatic . L 
form of concise technical descriptions. 
When writing to manufacturers directly, please mention th par 


as your source of information. 


Or write to Information Section, Instruments Publishing Com; 








% % 


Liquid Level —s 


The Foxboro Co. announces a new type 
of liquid level control instrument: its 
“Stabilog” system of control added 
i. ball float mechanism, the combinatior 
designed to maintain level within § safe 
nits ind to give smooth out-flo 

ithout creating upsetting surges. Sud 


den increases in input that would ordi 


n irily Cause , ncn surges are said to he 
iveraged out by the Stabilog. The nove 
ball float mechanism, said to be the re 
sult of over four vears of research 

Foxboro engineers, employs iknite edge 


bearing which is found to be the 


est approach to a frictionless bearing for 
this work Ihe steel ball float is counter 
balanced by movable weig! ts to issure 
maximum accuracy. It is said that thi 
new controller can easily be adapted to 


in type of installation It may be ir 
stalled w 


sure vessel, or on the outside 


ith the ball float inside the pre 


sidney type float chamber 
| I 








Self- ve Controlle; 


Designed for evere 
ceramic, glass and cher 


né Micromax ‘I 


nnounced hi 


“Micromax” null-met 

ruggea co tructs 

Case ind stripped to ¢ 

cording or indicating el 
Ing Tunctior e! ( 
TY do ble ) ie 

Ope yr ¢ ( me 

ele 1 I ni é t 

( l depart trom ti 

Irie ring circ l 

ete or ( tT r l 

ne Ins ment ) 

signed fo el ri ‘ 

el loved TO rey 
ions, chemi rope 

ai re iIndalvi 





Adjustable-sequence 


The Automatic 


Co. announces the new “Series 1274-5-6 


lemperature Control 


rime Controls,” designed to repe it one 
or two ope rations or processes Lis otten 
is desired. Provision has been made for 


exceeding rly flexible choice of periods 


during which the controlled actions take 
place, it being said that the new con 
trollers will handle a_ repetitive action 
or operation requiring . definite time 
period or evcle with either the same or 


different tine pe riod between successive 


Repeat Controller 


time cycles Phe time Cy 
interva between successi 
finitely idjustable with 
setting to well within 
of the respective dial 


Parts have been so groupe 
that adjustment is simple 
Tions pe rmit removal of 
disturbing wiring. Setting 
remain accurate despite 
“special contact-met 


even Vv hen oxidized.” 


















Flow 
Employing the orifice (or Venturi) 
| mercurs manometer system of flow 


1 


easurement, the new instrument = an 
need by The Bristol Co. is claimed 
meet the needs ot industry for a 
red and accurate mechanical flow 
troller hee designed for severe field) condi 


ns. The meter body is of forged steel 
mercury chambers of uniform cross 
tion vreas, said to contribute to accu 
ind interchangeability and 
mercury 


such 
small changes in volume 
idental to capillarity and adhesion do 
impair accuracy. A long float 
connects a large float to the 
suring, it is said, sensitivity with 


lever 
pen 
and sustained 
nnections are welded or 
counter-balanced. 
without 


jumping accuracy, 
mechanical 


W orking 
disturbing 


rts ire 
cleaned 
\ hardened 
lapped to the 


rts can be 


st iinless steel 
shaft is 


ibration. 


fling box 





Meter 
grease-packed and said to be leak-ti 
Range-changing is effected by « inging 
either the 
high pressure leg, or 


™m inometer 
both Lhe 


iction, has no 


orifice size, the 


tor, positive in 


contacts or friction clutches. Gravity 


operated check valves prevent mercury 


blow-over. Meters for working pressure 
of 1000 Ibs. are tested at 2000 Ibs sre 
cial bodies tested at 5000 Ibs. are obtair 
ible for working pressures up to i 
Ibs. The new meters are available i 
dicators, integrators, recorders or = cor 
trollers Recorders car be furnished 


vith pressure ind temperature element 
is Illustrated Integrating flo meters 
1] 


re obtainable with or without utomatie 





Direct-reading 

Instantaneous indications of the speed 
direction of air currents are given 
the “Bovle Velometer,” i readily port 
e instrument brought out in two types 


LINO Testing Labor itoric S, Ine I'l ( 





shutter lype (illustrated) is so called 

“y reason of a rotary shutter employed 
’ Open and close ports to change the 
le , : 


seue range. In use it is held with the 











compensation for static line pressure 
fluctuations. When combined if thr 
Bristol “Metameter,” this me instrument 
constitutes i remote-reading electric 
flowmeter 
Anemometer 
ports perpendicular to the ai treal 
Phe tube type ha n attachment wit 
30 flexible tube and jet ou ed for hig 
range readings. Various forn f jet 
ire A\ tilable, « ich ce signed for spe 
function, ! tor grilles, duet 
suction, ete Pri ciples the i 
through the instrument tilts ine 
vided with restraining spring and dar 
ing system. Features include zero. ac 
ister and pointer clamp 
Current-testing Set 
\ port ible “Novalux” current-testing 


set for checking the current in. serie 
lighting circuits has been developed by 
the General Electric Co. to assist ir 
maintaining t 


the rated life of series lamps 


vw rated light output nd 
Intended 
primarily for use on automatically 


ited constant-current 


oper 
transformer cir 
ivailable, 


both 


unmeter is not 
iummeter having 


cuits where an 
it consists of an 


scale: a current 


12.5-amp. and a 25-amp 
transformer of 25-amp. capacity having 
1 1:1 ratio; 25 ft. of cable ending in 


(with disk cut 
recommended 


standard series socket 
for plugging into a 


we itherproof aerial-ty pe 


out ) 
recept wile: an 


box housing the component parts: 


oak 
and a leather carrving case for the an 


meter. 





Complete 


CATHODE-RAY 


Equipment 





MODEL CRA Cathode-Ray Oscillograph illus 
trated above contains standard 3-inch tube 
power supply, linear sweep circuit, and in 
put amplifiers, in one compact unit. Write 
for full details 
C-B Precision Instruments for power and 
high frequency voltage investigations include 
beat-note audio oscillator vacuum- tube 
voltmeters, and many other instruments of in 
terest to the research and maintenance eng 
neer 


Write for Literature 
The CLOUGH-BRENGLE Co. 


1130-M W. Austin Ave., Chicago, U.S.A 








RAWS@QOr 
Ni uitigmeters 


D ¢ 


RANGES 


IHERMAI 
13 RANGES 
From 
> Milliamy 
to 1 Amy 
and 
60 Millivolts 


t 1000 \ ts 





RAWSON 


ELECTRICAL INSTRUMENT CO 
Cambridge, Mase. 
Branch: 91 Seventh Ave., New York 


Representative: E. N. Webber 
Daily News Bldg., Chicago, Il 
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SHALLCROSS 
MILLIOHMMETER 


Ideal for Measuring Electrical 
Resistance of Mechanical Joints 


RANGE -— .001 to 10 ohms 





developed for 


] | 
veniently and accurately ele 


measuring con 


nce trom .001 to 10 


ohms and testing as low as .0001] 


> a ft Bullet Ni 670-HA 


t sm 
rume 


SHALLCROSS MFG. CO.’ 
Collingdale, Pa. 














Measu ring 
Kla psed Time 





Investigate this 


STOP CLOCK 





The “STANDARD” 


ELECTRIC STOP CLOCK 





The Standard Electric Time Co. 


SPRINGFIELD MASS 


Kilovoltmeter Multipliers 

Ihe Shallcross Mfg. Co. announces a 
line of resistance boxes designed to fur 
nish practical and inexpensive external 
multipliers for a wide variety of stand 
ard instruments for measuring potentials 
up to 25,000 volts a.c. or d.c. They are 
classified according to resistance, voltage 
ind current. For example any 0-1 dc 
milliammeter can be associated with the 
“Type 720" Multiplier for 


ranges of 1, 2, 5, 10 and 20 kv. ‘This com 


voltage 


bination is, therefore, a LOOO ohms per 
volt multi-range kilovoltmeter. If it is 
desired to have a lower current drain 
from the system any 0-100 microammeter 
associated with a Type 720 multiplier, 
provides voltage ranges of LOO, 200, 500, 
1000 and 2000 volts having resistance oft 
10,000 ohms per volt. For accurate a.c 
measurements, the makers recommend 
the use of a one-milliampere thermo 
couple associated with any d.c, 0-5 mil 
livoltmeter and the “Type 725” multi 
plier to cover ranges up to 25 ky These 
new devices are easily adapted for use 


is resistance standards, particularly 
those multipliers for use with low-cur 
rent instruments requiring — relatively 
high resistance. They can be furnished 
with additional binding posts so that all 
or part of the resistance can be em 
ployed. The Shalleross Multipliers can 
ilso) be supplied with a small 3% in 
strument mounted on the panel These 


» 


instruments have in mecuracy ot 2 


de. and 5% a.c. if the wave form is 


roughly sinusoidal 





Carbon Resistors 

The operation of electronic selective 
ind control apparatus, such as alarms, 
counters, ete., being in many cases im 
proved by the introduction of low-resis 
tance units in the 
circuit, thus pro 
ducing a more uni 
form — sensitivity 
curve, the Ohio 
Carbon Co. is in 
troducing a ne 
type of low value 
resistors (known 
us the “LV” se 
ries), using carbon 

the non-inductive properties of which 
give it advantages over wire-wound low 
resistance units. Values as low as 0.04 
ohm, in capacities from 
watt to 10 watts, are 


one quarter 
ivailable. These 
new low-value carbon resistors compare 
is to their load, voltage, life, overload 
ind humidity characteristics with the 
Company’s line of “Ohiohm” resistors of 
higher ohmic values. It is stated that 
even under humidity conditions approxi 
mating those of a tropical rainy seasor 
they will function satisfactorily 








BOYLE 
VELOMETER 


Instantaneous 
Direct Reading 
Air Velocity 
Meter 
*i)-Teet to HOOO0-T 
per minute 
Write for Bulletir 


Ilinois Testin 
Laboratories 


incor porated 
142 W. Austin Avenue 
Chicago, IIlinols 
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Thermocoup| 
Only the part which j ; \ 


out needs to be purech 
of an ingenious univer 
mounting brought out 
Gordon Co. As a rule, it 
new wires need be orde 
cost than the average 
cap and base are of 
malleable iron; the cor 
heat-resisting and unu 
heat- and moisture proot 
to a machined = surface 
made in two models, to ce 
thermocouples. 





Recorder for Cont nuoys p 
Wire Gag \1 

The Federal er 
Products Corp. an 


erizet 


nounces that its 
Model 493° contin 
uous wire rage 
may now have at 
tached thereto a 
round-chart re 
corder made. by 
The Foxboro Co 
The combin ition 
serves to check 
each run of wire, 
not only recording 
its diameter but 
showing the num 
ber of breaks and 


the time consumed 








in rep tiring them. 





Gas Safety Switch 





The Spencer Thermo ( 

nounces for electrically 

fired furnaces and heat \ Phe 
Type ¢ ISSS Pilot Safety S 

to be positive protection eT 
escape of unburned ga . 
pilot extinguishment. Spe¢ 

the furnace of heater rm 
to be used are unnecessar om 
installation difficulties are 

been eliminated, as the a4 


readily be bent to place 
B c ie) E F 


a 
* ACD 4 
a 





the pilot flame. This devi 


sentially of a bellows oper 
the assembly filled with i 
pressure ind expanding 

is heated by a pilot flare 
sure against the Klixon di 





assembly. The switeh mi 
manually. Upon extingul 
pilot the disk operates to 
tacts of the switch assen 
doing the electric valve 

shuts off the gas supply 

designed to provide safe 


the gas appliance when us« 
tion with an automatic g 
may or may not be therm 
erated. It is rated at 14 
a.c., 5 amps. or 2.3 amps 


d.c. 





ad 


a 


1u0Us 





E terized by 


rifice Fittings 


ent has been received of 


if 


i ent of The Foxboro Co. as 
1 dis ors of “Commercial” Oritice 
rietil le by the Commercial Iron 
W 7 - se devices eliminate the 
jaa expense of by-passes, and 
5] [he threaded elevator lift 
alll ering or lifting of orifice 
ne r diess of line pressure, with 


hytting down the line and with 
fety to the operator. Addi 
res are accurate centering of 
es and elimination of set 


ressure areas. 





Pasteurizer Thermometers 


\ new line of “American” pasteurizer 
thermometers announced by the Consoli 


F jated Asheroft Hancock Co. is charac 


the “new universal scale coy 
ering the entire range of dairy 


plates are silver finish with 
black and red graduations: 
pasteurizing range in red with 
1° divisions jy" apart. ‘Tubes 
bear red etched lines at 143 and 
15°F. or at any other points 
required by local ordinances 
Tubing is of red reflecting con 
struction which shows the mer 
eury column as a red stripe 
Stems are of IS8-S_— stainless 
steel; frames are chromium 





plated; cases are frosted nicke! 
\ll standard straight and angk 
forms are available. 











Cadmium and Zinc Coating 
Tester 


The Plating Products Co. announces 
¢ “Chemicrometer,” an apparatus for 
etermining the thickness of electro 
ted cadmium or zine coatings by mak 
ing use of a “drop 
ping” method said 
to have been re 
cently checked at 
the National Bu 
reau of Standards. 
A corrosive solu 
tion is allowed to 
fall at a constant 
rate on the plated 
article, which is so 
held that the drop 
ping stream strikes 
the point to be 
tested. The coating 
is dissolved at oa 
uniform rate 
which, for zine and 
cadmium, is taken 
as 0.00001” per 
second. The time 
from the begin 
ning of the test to 
the end point 

iting completely dissolved) is a 
neasure of the thickness. The solution 
s contained in a reservoir bottle from 
hich it is fed to a two stop-cock funnel. 
Une stop-cock is for full-off or full-on: 
other is set to give the desired rate 
f flow and need not be disturbed when 
hee set. The solution in the funnel re 
mains at the same level, regardless of 
a amount in the reservoir bottle, so 
hat onstant head is maintained. 
rhe method is rapid (approx. 1 min. for 





the 


uses from 30 to 220°R." Seale 


ordinary zine or cadmium deposits ina 
iso of advantage in that any suspected 
or vulnerable spots in’ the deposit) can 
be measured independently of the sur 
rounding coating. ‘Thus, areas whieh have 
been known to break down in. service 
ean be tested direetly. The article under 
test is not destroved and can be re 
plated for shipment, 





Control Valves 

\ppreciation of the Importance of the 
valve as the business end of any control 
system and the need of matching the 
valve with the controller in performance 
Characteristics, 
has led the ¢ 
J Pagliabue 
Mie. Co. to de 
velop ane 
| ong ran y¢ 
throttling to )) 
Chis construe 
tion is said te 
Incorporate ses 
eral new. fea 
tures of design, 






unong then the 
irranvement for 
rdjyustinge the 
spring pre Sure: 
thre member it 


contact with the bet 


town ot thre pris 

does not turn when 
thre Wdyju ting r2¢4 
SCTENM is turned brut 


vuided Hy tive { 
vertical fins of the spider arn mere 
moves up or down. ‘Thus spring adjust 
ment does not tend to wind up the sprin 


or disturb its normal characteristic. ‘The 


new long-range throttling top i wal 
ible at this date in three sizes: 7! 
952" and 1134” overall diameter. Plu 
tration shows a globe valve ith the me 
top 





High-Speed Dynamometers 

Maximum speeds up to 6,000 ropa. are 
attained in electric Gvnamometers of 10 
ind 200 h.p. ratings announced by 
General Electric Co... by reason of in 
provements in the bearings, lubricatin 
systems, and electrical design of d.-« 
machines. (Previously, 5,000) rp.in 


considered the maximum for such capaci 


ties ) The new G hn machines ire I 
able either with beam-and-dial cale 
equipment (as illustrated) or with To 


ledo, Kron, or Howe Weightograph auto 


matic scales 








THWING 
All Purpose 


Tensile Tester 





Thwing Instrument Company 


3323 Lancaster Avenue, Philadelphia, USA 








Surface Temperatures 







Fiat 

Stationary The “Alnor” 

or ‘a - 

Meving Combination Pyrocon 
urve 

Surfaces Ideal for rolls, molds, 


plates, platens and 
plastic material temper 
atures. 
Write for bulletin 
/ ilinois Testing Laboratories, Inc 
142 


W. Austin Ave Chicago, Iilinols 











ELECTRICAL 
INSTRUMENTS 


METERS -PYROMETERS 


Sold, Rented, Calibrated, 
Rebuilt and Repaired 
Established 1910 


H. F. BYRAM 


28 Bathgate Pl Newark, N.J 














pecialists in neon tube ligh 
ing; fluorescing white light 
tubes; ultra-violet radiation 
tubes; high voltage neon indi 
cators. Stroboscope lamps 
Spectral tubes of rare or active 
gases. 
GENERAL PHYSICAL LABORATORY 

509 Sth Avenue, New York, N. Y 
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0.001 to 1,000,0002 THE 
luhto 100h r TA 
REVIEW OF SCIEN] fic 
1 puf to 100 pf INSTRUMENTS 
with AY 
Physics News and Views 
F. K. RICHTMYER, Edito: 
The Type 650A Impedance Bridge has this Published monthly by the American I: te ) 
— is - ibesise ; Physics in collaboration with the Optical fe 
mous range for resistance, inductan America and the Association of Scientific ' lo 
ind capacitance measurements. The bridge Makers of America. — 
is completely self-contained, and portable, Subscription price: The United States and possessions 
' Cariada and’ Mexico, $2.00 per year; forei; 
and is always ready to operate 
It is direct reading over all of the ranges — c 3 aoe 
and has an accuracy of 1% for resistanc EEN 
ates CONTENTS FOR JULY, 19 
and capacitance measurements and 2% for ‘ 
inductance Volume 6, No. 7 
By many of its users it is considered the most A 
S} N 
valuable piece of apparatus in the laboratory ; ? 
| s<e tc £175.00 Physics Forum: 
ts price is $175.00. Plan for Broadenin Act | 
Write for Circular P-70-I for further details. as 
= : Contributed Articles: 
GENERAL RADIO, COMPANY a oe Carenwik 0, 
30 State Street Cambridge A, Massachusetts bile X-Ray Focal Spots 
Alte oe oC urrent Operated Beat-| 
Oscillator 
Pei toe Voltage Relations in Bl 
Photo-Cells 
The Laboratory and Shop Notes: \ 
Note on the Cutting and Tempering ( 
EPPLEY STANDARD CELL nd the Grinding of Gln Tobin 
Mechanically Operate 1 Valve De I 
A precision Stand of Electromotive Fo Star i \tmospheri Pressut 
, Va m Work 
Convenient Ga S 
Re eal h 
Oxygen | 
4 & Ph t t ( 
New Arrange D 
tne Ze in i 
f scone Charo 
( S tivi B M 
Book Reviews, Physics News 
Current Literature of Physics 
The low temperature coefficient form of the : . . > ‘. 
International Standard of Electromotive Force AMERICAN INSTITUTE OF PHYSICS 
' : 11 East 38th Street, New York, New York 
Cat. No. 100. Standard Cell, cadmium, unsaturated, for - _ . 
ise in precision measurements of electromotive force Please enter my subscription for one year beginning 
Guaranteed to be within 0.01% of certified value with the current issue. 
N gligible ten ture oeflicien Internal resistance ) 
Mounted in black bakelite case I enclose $2.00 [_] (Domestic) 
A I g 
$2.50 [] (Foreign) 
With Eppley Laboratory Certificat $20.00 ae 
Wik Bureeu of Standeste Certibcrn: $26.00 Please send me a bill 
Name 
THE EPPLEY LABORATORY, INC. Address 
NEWPORT, RJ | 
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I SURE WAY TO MAINTAIN PRECISION 


wi e JOHANSSON. 


GAGE BLOCKS AND ACCESSORIES 


in sets or individually in three Write for Catalogue No. 11 showing 























ic 
all for working, inspection, or lab- reduced prices on “A” quality Gage Blocks. 
oratt use. E . 
VS q \¢ 68° Fahrenheit they have an accuracy of Manufactured and Serviced by 
| Quali Inch P Metric F | M ~ ; 
B £.000008 soz 6 OFC otor Company 
AA t+.0O00002 00005 — , 
ite of | } per block up to one inch (25.4 mm.) of JOHANSSON DIVISION Setting an amplifies ga Ke with 
iety of | length and per inch (25.4mm.)oflengthhon DEARBORN, MICHIGAN —— yee Ay esr ptclececab ably 
Paratus i longe! blocks. gaging system known ‘ 
©SsiOns 
$2.50 | 
| MICROCINEMATOGRAPHY Intermittent operation, possibk 
| (Continued from page 169) dvantages over continuous! driver 
; peed (for instance from lt to Sou ‘ per minute 
r used, the adjustment of the substage condenser, the only ta net the. dial on. Bee panel. The lensth of « 
nsity of the object, ete. the light intensity will remain the une. A el e of 
It now seems obvious that a microcinema apparatus, Prot sateen Algal itin,f aaeetane Reggae nate 
| Fs used in a modern laboratory, cannot possibly be very ii al ON ca ai laced 
BB. nple and the Standard Microcinema Apparatus, which ind fixing of film strip nds04 
| vill now be described, is the result of a rather slow proc naterial 
5 of development based upon many years ot laboratory ree piney to eln _ te - : I : ; if | 
f course re so magnifies he obies S 
| rk with a great variety of material. RN PERRO IN LL SS ded 
rigid connection hetween then ar 
The Standard Microcinema [pparatus orber re placed under the le 
M his apparatus, Fig. 4, was designed with the objeet ot e camera t i 
ing its operation as simple as possible, without sacrificing 
racy and workmanship and without making it expensive Mi 
djustments, many of which are automatic, permit. the Demand fo microcinen 
r tor to give his ‘attention to the object rather than to CAmeT led the author to de ‘I ed ment 
tography, so that it can be operated by anyone with som imple in construction, ean be oa 
ing in nicroscopy. It consists mainly of four separate ork but o wherever ertic motion picture 
Ke NEPAL ‘ I t ( | 
\) The Optical Bench, carrying the microscope vhich mart of the equipment. The 
ds on an adjustable platform, the light source (inter its simplest forn \ number of at ent 
weable) a system of-condensers, cooling cells and light from time to. tine eneve 
ters. For temperatures required in medical, bacteriological, n observation tubs hean 
ical and other such work, an incubator (If) can enclose ment. a portable timing de 
ll icroscope. hen hh. ete 
3) The Camera Support, consisting of a heavy iron stand Che microscope is ordinari 
. movable stage which can be raised and lowered by an he apparatus between met f 
trie motor. Limit switches, such as used on elevators, pre ; o be set or eparate table 
ecidental crushing of the microscope should the stage ion of vibratior thea ; 
down too far. A focusing device can be brought in line the upper part of the stand, 
the optical axis of the microscope by shifting the camera ing device can be turned 18 
the side. This enables one to obtain a focus of critical sharp tit when it i ed for pl 
upon the plane of the photographic emulsion. This is insects. Fig. 6 represents a more - atk 
especially important when high magnifications are employed tion with timing device fe mot 
lhere is also an observation tube of the “beam splitte r tvpe” incorporated mat tT the Teature 
permits observation during exposure, although its use he Standard Microcinen \ 
its limitations. Other parts on the camera support are 
scabs camera driving mechanism, an image counter and a re 
for intermittent operation 
() The Two Motors. One drives the pulley of the driving ] 
anism directly while the other has reduction gears. Both | 
its are placed at equal distances from the pulley so that th 
nning - et ere ina few seconds. The direct motor has an “THE MOST VALUABLE BOOK IN M¥ : 
, istable speed governor, while the reduced-speed motor ha ; , ‘ 
nagnetic aol necessary for stop motion sy PEC HNIC Al IBR ARY 
D) The Control Panel. All electrical connections are cor ; 
ed from this panel. There are a voltmeter and an ammeter, SO Sa i) sers of us A 
for setting time intervals for stop motion work (images STRU MENTATIO‘ the prime , \J 
| r hour and images per minuté), motor control switches, out ; 
for ac. and d.c., special outlets with resistors for are ind Control, whict tains t 
ups Tor 10, 20 and 30 amps. Two timing devices with syn eda er ee apes ? 
° rr . F rOUNdGAaATIONS ON Vi ‘ 
| ronous motors are directly below the panel. The main switch = 
4 the panel can be operated by hand and also automatically can build efficie: with inst ents ‘ 
» *S permits one to start and stop the apparatus automatically , 1 Ty Bane . Dp 
| » *' any predetermined time within 12 hours. A table indicates lars postpaid. The Ins - 5 ' 
p ‘Ne various settings possible with this apparatus (1 image per 1117 Wolfendale St.. Pitts 9 p 
| 5 ur to 32 images per second) and helps also to eliminate all 
B alculations with respect to length of film, number of images 
Be Period of iction, period of projection, acceleration, ete 
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BUYERS’ GUIDE 


to Devices for Measurement, Inspection, Testing or Control 


if uy ere 
INS TRUME! iTS, write 
Company. Give 


unable to 


complete 


find 


Information 


what you 


Section, 


require in 
Instruments 


information of 


This section of 
Publishing 


requirements. 





AIR METERS 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Bristol Co 
Brown Instrument Co 
Fosrboro (o 
Pioneer Instrument Co 
Taylor Instrument Cos 
ALTIMETERS 
J. P. Friez & Sons, Inc 
Genera) Electric Co 
Taylor Instrument Cos 
ALTITUDE BAROMETER 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
AMMETERS—Indicating 
General Electric Co 
General Radio Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 


Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp 
Recording 


Bristol Company 
Brown Instrument Co 
Genera! Electric Co 
Pioneer Instrument Co 
Roller-Smith Co 
Westinghouse E 
ANEMOMETERS 
Bristol] Company 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
ASPHALT TESTING 
APPARATUS 
Taylor Instrument Cos 
ASTRONOMICAL 
INSTRUMENTS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
ATTENUATION NET- 
WORKS 


& M.Co 


General Radio Company 
Ward Leonard Elec. Co 
AUDIO-FREQUENCY 


OSCILLATORS 
Genera! Radio Company 
BALANCES 


Roller-Smith Co 
BALANCING MACHINES 
Genera! Electric Co 
BAROMETERS 
Bristol Company 
J. P. Friez & Sons, Inc 
Gaertner Scientific Corp. 
Taylor Instrument Cos 
BATTERY TESTERS 
Roller-Smith Co 
Weston Elec. Inst Corp 
BEARING TESTERS 
BEATING TESTERS 
Testing Machines Inc 
OIBET AL ELEMENTS 
M. Chace Valve Co 
soaros: INSTRUMENT 
Bailey Meter Co 
Bristol Co 
Brown Instr 
Forboro Co 
Taylor Instrument Ces 
Thwing Instrument Co 
Westinghouse } &M.Co 
BOILER METERS 
American Meter Co 
Bailey Meter Co 
@eorge Sydney Binckley 
oo TESTING 
METERS 
Rawson Elec. Inst. Co 
BRIDGES. ELECTRICAL 
Gapacity, inductance, Kelvin 
Resistance, Temperature, 
Wheatstone, Percent 
Genera! Electric Co 
General Radio Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co 
CABLE TESTERS 
Rawson Elec. Inst. Co 
Roller-Smith ¢ 
CALORIMETERS 
American Meter Co 
Gaertner Scientific Corp 
CAPACITANCE METERS 
General Electric Co 
General Radio Co 
Roller-Smith Co 


iment Co 


Weston Elec. Inst. Corp 
CARBON DIOXIDE 
METERS 


Brown Instrument Co 
Foxboro Co 
CATHETOMETERS 
Gaertner Scientific Corp 
CENTER POINTS 
I Motor ¢ 
CHRONOGRAPHS AND 
CHRONOMETERS 
Gaertner Scientific Corp 
General Electric Co 
General Radio © 
CLINOMETERS 
CLOCKS—Gage Board 
Brown Instrument Co 
Bristol Company 
Forboro Co 


Pioneer Instrument Co 
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COIL 

Special 
Genera! Electric Co 
General Radio Co 
Roller-Smith Co 
Shalicross Mfg. Co 
Ward Leonard Elec. Co 
Westinghouse E.& M.Co 


COIL TESTING EQUIP- 
MENTS 


inductance, 


General Electric Co 
Kurman Electric Co 
Roller-Smith Co 
Thwing Instrument Co 
Westinghouse E. & M.« 
COLORIMETERS 
Bausch & Lomb Opt. Co. 
General Electric Co 
Thwing Instrument Co 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Pioneer Instrument Co 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
General Radio Company 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shallcross Mfg. Co 
COMPARATORS 
Gaertner Scientific Corp 
General Electric Co 
COMPASSES 
Pioneer Instrument Co 
Taylor Instrument Cos 
CONDENSE RS—Electrical 
General Electric Co 
General Radio Co 
Westinghouse E.& M.Co 
CONDUCTIVITY METERS 
Indicating, Recording, 
Controlling 
Rawson Elec. Inst. Co 
Roller-Smith Co 
CONTOUR ee ne 
PROJECTO 
Bausch & ced Opt. Co 
CONTROLS, AUTOMATIC 
Combustion 
Bailey Meter Co 
Condensation 
Bristol Company 
Taylor Instrument Cos 
Damper 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Wilbin Instrument Co 
Feed Water 
American Meter Co 
Bailey Meter Co 
Bristol Co 
Brown Instrument Co 
Foxboro Co 
Filter Rate 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
low 
American Meter Co 
Bailey Meter Co 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 
Humidity 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Wilbin Instrument Co 


Westinghouse E.& M.( 
Weston Elec. Inst. Corp 
Liquid Level 
American Meter (< 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J. P. Friez & Sons, Inc 
Pioneer Instrument Co 
Taylor Instrument Cos 
Pressure & Vacuum 
American Meter Co 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos 
Wilbin Instrument Co 
Pyrometer 
Balley Meter Co 


Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos. 
Thwing Instrument Co 
Wilbin Instrument Co 
Rate- Volume 
American Meter Co 
Foxboro Co 
Refrigeration 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Wilbin Instrument Co 
Specific Gravity 
Bailey Meter Co 
Tachometer 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument Co 
Westinghouse E.& M.(< 
Weston Elec. Inst 
Temperature-Time 
Bristol Company 
Brown Instrument Co. 
Foxboro Co 
J. P. Friez & Sons, Inc. 
Pioneer Instrument Ce. 
Taylor Instrument Cos. 
yilbin Instrument Ce. 
Thermometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Ce 
Foxboro Co. 
1 P. Friez & Sons, Inc 
Taylor Instrument Cos 
Thwing Instrument Co. 
Wilbin Instrument Co. 
Thermostat 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
|. P. Friez & Sons, Inc. 
Pioneer Instrument Co. 
Taylor Instrument Ces 
Thwing Instrument Ce. 
Wilbin Instrument Co. 
Time 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
J}. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 
Vacuum 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Valve—Motor- Operated 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Taytor Instrument Cos 
Wilbin Instrument Co 
Voltage A. C. 
Ward Leonard Elec. Co 
Water Level 
American Meter Co 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
|. P. Friez & Sons, Inc 
Pioneer Instrument Co 
Taylor Instrument Cos 


COUNTERS—Magnetic 
Thwing Instrument Co 
Revolution 
Bristol Company 
Brown Instrument Co 
Pioneer Instrument Co. 
Stroke 
Bristol Company 
CUBIC FOOT BOTTLES 
American Meter Co 
CURRENT RECORDERS 
Bristol Company 
General Electric Co 
Roller-Smith Co 
CYCLE CONTROLLERS 
Bristol Company 
CYCLE COUNTERS 
General Radio Co 
Westinghouse E.& M.Co 
DEMAND METERS 
Gas 
Foxboro Co 
Electric: Indicating, 
cording, Printing 
General Electric Co 
Westinghouse E.& M.Co 
DIMMERS 
Ward Leonard Elec. Co. 
DIVIDING MACHINES 
Gaertner Scientific Corp 
DRAFT GAGES—See Gages 
DYNAMOMETERS 
General Electric Co 
Rawson Elec. Inst. Co 
Weston Elec. Inst. Corp 
EARTH CURRENT 
METER 


Rawson Elec. Inst. Co 
Roller-Smith Co 


ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 

ELECTRIC WAVE 

FILTER SECTIONS 
General Radio Company 

ELECTRONIC METERS 
Genera! Electric Co 
General Radio Co 
Rawson Elec. Inst. Co 
Westinghouse E. & M.‘ 

FAULT FINDERS 
Roller-Smith Co 
Weston Elec. Inst. Corp 

FIELD RHEOSTATS 
Ward Leonard Elec. Co 

FLASH & BURNING 

POINT TESTERS 
Taylor Instrument Cos 

FLOW METERS 

indicating 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Pieneer Instrument Co 

Indicating & Recording 
American Meter Ce 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Foxbore Co 
Pieneer Instrument Co 
Taylor Instrument Cos 

Integrating & Recerding 
American Meter Ce. 

FLUE GAS ANALYZERS 
Brown Instrument Co 

FLUXMETERS 
Rawson Elec. Inst. Co 

FOLDING ENDURANCE 

TESTERS 
Testing Machines, Inc 

FOOT-CANDLE METERS 
Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp 

FREENESS TESTERS 
Testing Machines, Inc. 

FREQUENCY METERS 

Indicating 
Genera! Electric Co. 
Roller-Smith Ce. 





Foxboro Co 

Taylor Instrument Cos 
Rain 

J. P. Friez & Sons, Inc 


Taylor Instrument Cos 
Recor ding—Distance 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc 
Pioneer Instrument Co 
Taylor Instrument Cos 
Strain 
General Electric Co 
Vacuum 
General Electric Co 
Taylor Instrument Cos 
Volume 
American Meter Co 
Brown Instrument Co 
Foxboro Co 
Wind 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc 
ones BLOCKS 
ord Motor Co 
ACCESSORIES 
Ford Mot Co 
GALVANOMETERS 
American Meter Co 
Brown Instrument Co. 
General Radio Co. 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp 
Mirrors 
Fish-Schurman Corp 
GAS ANALYTICAL 
METERS 
Electrical 
Brown Instrument Co 
GAS FLOW INDICATORS 
American Meter Co 
George Sidney Binckley 
GAS LEAK INDICATORS 
Taylor Instrument Cos 
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Gene . 
Rol Co 
We E& 
INTERF EROMETERS 
Gaert entifie Cory 
KEYS AND SWiTches 
Gene o ¢ 
LABORATORY APPAniTy 
Fish-Schurman ‘ 
LABORATORY Ankgo 
STATS 
Genera! Radio Company 


Ward Leonard Elee ¢s 
LACTOMETERS 


Teylor Inst 


LENSES 
Bause! 
LEVELS 


Engineer's 


Prism 
Taylor 





FUSE 





Instrument Fuses, also Auto, Rad 


Aircraft 


Neon Potential Fuses ar 


Send for cata! 


LITTELFUSE LABORATORIES 
4513 Ravenswood Ave. 


Chicage, Ill. 
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Westinghouse E.& M.Co 

Weston Elec. Inst. Corp 
Recording 

Bristol] Company 

General Electric Co 

Westinghouse E.& M.‘ 
Standards 

General Radio Co. 
FRITTED GLASS 

Fish-Schurman Corp 


FURNACE CONTROLS 
Bailey Meter Co. 
Bristol] Company 
J. P. Friez & Sons, Inc. 
Taylor Instrument Cos. 
Wilbin Instrument Co. 


GAGES 
Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Differential Pressure 
Bailey Meter Co. 
George Sidney Binckley 
Brown Instrument Ce. 
Foxboro Co 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Draft 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
1. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Drill 
Bausch & Lomb Opt. Co 
Flow 
American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrument Co 
Liquid Level 
American Meter Co 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
1. P. Friez & Sons, Inc 
Pieneer Instrument Co 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co 
Pressure 
American Meter Co 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Pressure- Temperature 
Bailey Meter Co 


Bristol Company 
Brown Instrument Co 
Foxboro Co 


Taylor Instrument Cos 
Pressure & Vacuum 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 


GAS-METERS 
American Meter Co. 
Bailey Meter Co 
George Sidney Binckley 
Brown Instrufment Co. 
Foxboro Co 

Dry Test 
American 

West Test 
American Meter Co. 

GOVERNORS 

Pressure 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos 

Pump 
Bailey Meter Co 
Taylor Instrument Cos 

GRAVITOMETERS 
American Meter Co 
George Sidney Binckley 
Thwing Instrument Co. 

GROUND DETECTORS 
Roller-Smith Co 
Weston Elec. Inst. Corp 

HARDNESS TESTERS 
Testing Machines, Inc. 

HIGH ys pa 

APPARATUS 
General medio Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Westinghouse E. & M.C« 
Weston Elec. Inst. Corp. 

HIGH VOLTAGE 

Indicators 
Roller-Smith Co 
Shallcross Mfg. Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 

Measuring Devices 
General Electric Co. 
Roller-Smith Co. 
Shallcross Mfg. Co. 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp. 

Testing Devices 
General Electric Co. 
Westinghouse E.& M.Co 

HOUR COUNTERS 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 

HUMIDITY CON- 

TROLLERS 
sristol Company 
Brown Instrument Co 
Foxboro Co 
1. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Wilbin Instrument Co. 

HUMIDITY RECORDERS 

Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
).P. Friez & Sons, Inc 
Taylor Instrument Cos. 
Thwing Instrument Co 

HYDROMETERS 


Taylor Instrument Cos 


Meter Co 


LIGHT SOURCES 
hurman Cory 


Fish - 


W b& 
LIQUID LEVEL 


He 
ae 





RECORDERS 
American Meter 
Bailey Meter Ce 
George Sidney Binck 
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om pany 
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” PITTSBURGH 


with a Swiunnung g be 


Among the many outstanding features ot this new 

modern hotel is the large swimming pool available 

to all quests without extra charge. Here one finds 

every comfort and luxury at low cost. 

A LOCATION CONVENIENT AND BEAUTIFUL 

In Pittsburgh beautiful Civic Center overlooking 

Schenley Park, away from the smoke and noise of 

downtown, yet easily accessible to all 

sicharo x, points of interest. Special features for partes From 
NASH, conventions. Two qarages Close by. ‘2 ae 


‘Hotel WEBSTER HALL 


5™ AVE. AT DITHRIDGE STREET 
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MAKE MICHIGAN AVENUE 
4Nour Home When You Visit 


CHICAGO 


Every comfort, every fine hotel luxury 

awaits you at the newly modern 

ized Auditorium Hotel. Unusually 

good © food at modest prices. 
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\ 
Beven 












ROOMS WITHOUT 
PRIVATE BATH 


oi] 


ROOMS WITH 
PRIVATE BATH 











MICHIGAN ar CONGRESS 


CHICAGO 









PRECISION 
MEASURING 
INSTRUMENTS 





DIAL MICROMETERS, COMPARATORS, THICK- 

NESS GAUGES, CYLINDRICAL GAUGES, WIRE 

GAUGES, THREAD GAUGES, DEPTH GAUGES 
GRINDING GAUGES. 


ASK FOR CATALOG 


The above are standard stock instruments but in addition 


we have more than 1,000 prints of special gauges on file 


to take care of your special gauging problems. If we do 


not have one suitable we will design one for you 


FEDERAL PRODUCTS CORPORATION 
1144 EDDY STREET, PROVIDENCE, R. | 


Branches: Detroit, Chicago, Cleveland, Muncie, New York 











Just Published 


Theory of 
Alternating Current 
Wave Forms 
By PHILIP KE MP 


M.Sc.Tecl M.I.E.1 A.] I 


51.x8%, inches, 228 pages. 84.50 postage prepaid 
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MILLIVOLTMETERS 
Bristol] Company 
Brown Instrument Co. 
General Electric Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Taylor Instrument Cos. 
Thwing Instrument Co. 


Westinghouse E. & M.Co 
Weston Elec. Inst. Corp 
MIRRORS 


Bausch & Lomb Opt. Co. 
MODULATION METERS 
Genera! Radio Co. 
Westing ise E. & M.Co 
Weston Elec. Imst. . 
MOISTURE METERS 
MOTION RECORDERS 
Mechanical 
Bristol Company 
Foxboro Co 
MOTOR. wt aoeng age 
weiter. Cabot Elec 
ne ise E.& M.Co 
merors 
Special Fractional HP 
Holtzer-Cabot Elec. Co. 


Westing ise E.& M.Co 
Syachronous 

oe Cabot Klec. Co. 

' ise BE. & M.Co 


meroR STARTERS 
J. P. Friez & Sens, Inc. 
Roller-Smith Ce. 
Ward Leonard Elec. Co. 
We ng se E.& M.Co 
MULTIMETERS 
Rawson Elec. Inst 
Shalicross Mfg. Co 
MULTIPLE PEN 
RECORDERS 
Bristol Company 
Foxboro Co 
MULTIPLIERS 
General Electric Co. 
Roller-Smith Co 
Weston Elec. Inst Corp. 
NOISE MEASURING 
SETS 


Co. 


ome al Radio Co 
KE. & M.¢ 
OHMMETE RS 
General Electric Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shallcross Mfg. Co 
We ise I 
Wenen ‘Elec 
OIL TESTING 
APPARATUS 
J. P. Friez & Sons, 
General Electric Co 
1 te or ene Cos 
! t & M.« 
OPERATION RECORDERS 
P. Friez & Sons, Inc 
Rolie ‘r Smith Cx 
Electrical 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Roller-Smith ( 
Taylor Instrument Cos 
Thwing Instrument Co 
OPTICAL FILTERS 
Fish-Schurman C orp 
OPTICAL GLASS 
‘ish-Schurman Corp 
OPTICAL PARTS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
ORIFICE METERS 
Indicating & Recording 
American Meter Co. 
Bailey Meter Co 
George Sidney Binc kley 


Inc 


Brown Instrument Co 

Foxboro Co 
Integrating 

American Meter Co 


ORIFICES, ADJUSTABLE 
American Meter Co 
Bailey Meter Co 


COOILLAT ORS 
Senernd Radi 
ng : & Mt 
we aston Elec ‘Inet Corp 
OSCILLOGRAPHS 
General Electric Co 
General Radio Co 
nghouse E.& M.¢ 


Wi 
Automatic 





Cathode Ray 
General Electric Cx 
General Radio Co 
Westing? & M< 
PANTOG RAPHS 
Gaertner Scientific Cory 
PERISCOPES 
Gaertner Scientific 
PERMEAMETERS 
General Electric Co 
PHOTO-ELECTRIC CELLS 
General Electric Co 
Karmen Electric Co 
esting! se E.& M.¢ 
Westen Elec. Inst. Corp 
PHOTO-ELECTRIC 
COLOR ANALYZERS 
General Electric Co 
pa Instrument Co 
we E.& M4 


Corp 


PHOTO-ELECTRIC 
COLOR COM.- 
PARATORS 

General Electric C 
Thwing Instrument Co 
Westinghouse E.& M.¢ 


s- 


PHOTOGRAPHIC EXPO 
URE METERS 
Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp 
PHOTOMETERS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
PHOTO-MICROGRAPHIC 


EQUIPMENT 
Bausch & Lamb Opt. Co 
PITOT TUBE METERS 
George Sidney Binckley 
Brown Instrument Co 
Foxboro Co 
J.P. Friez & Sons, Inc 
Pioneer Instrument Co 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co 
Foxboro Co 
Linear 
Brown Instrument (« 
Radial 
Bailey Meter C 
Bristol Company 
Foxboro Co 
Square Root 
George Sidney Binckley 
Foxboro Co 
POLARISCOPES 
Gaertner Scientific Corp 
POSITION RECORDERS 
Brown Instrument Co 
Bristol Company 
Foxboro Co 
Taylor Instrument Cos 
POTENTIOMETERS— 
indicating 
Brown Instrument Co 
General Electric Co 
Thwing meray Co 
Westinghouse & M.¢ 
Recording & Controlling 
Brown Instrument Co 
Thwing Instrument Co 


POWER FACTOR METERS 


General Electric Co 
Rolier-Smith Ce 
Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp 


PRESSURE RECORDERS 


American Meter Co 
Bailey Meter Co 
George Sidney Binckley 
Bristol Company 
Brown Instrument C 


Foxboro Co 
Taylor Instrument Cos 
PRISMS 


Gaertner Scientific Corp 
PROCESS TIMING & 
SIGNALING IN- 
STRUMENTS 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
PROVERS 
American Meter Co 
PSYCHROMETERS 
Recording 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Friez & Sons, Inc 
lor Instrument Cos 


P. Friez & Sons, Inc 
Taylor Instrument Cos 
PYROMETERS 
Optical 
Pyrometer Instrument C 
Radiation 
Indicating 
Brown Instrument Co 
Pyrometer Instrument ( 
Taylor Instrument Cos 
Thwing Instrument Co. 
Recording 
Brown Instrument Co 
Pyrometer Instrument ( 
Taylor Instrument Cos 
Thwing Instrument Co 
Thermo-electrie 
Immersion 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Pyrometer Instrument C 
Roller-Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Wilbin Instrument Co 
indicating 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Wilbin Instrument Co 


Recording and Controlling 


Bristol Company 
Brown Instrument Co 
Foxboro Co 

Taylor Instrument Cos 
Thwing Instrument Co 
Wilbin Instrument Co 
Surface Contact 
Bristol Company 
Brown Instrument Co 


0 


Pyrometer Instrument Co 


Taylor Instrument Cos 
Thwing Instrument Co 


PY ROMETER CALI- 
BRATING SETS 
Thwing Instrument Co 
RADIATION TUBES 
Pyrometer Instrument Co 
RADIO FREQUENCY 
OSCILLATORS 
General Radio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp 
RADIO TEST PANELS 
Shalicross Mfg. Co 
Weston Elec. Inst. Corp 
RADIO TUBE CHECKERS 
Weston Elec. Inst. Corp. 
REGULATORS—See 
Controls 
RELAYS 
J. P. Friez & Sons 
General Electric Co 
Kurman Electric Co 
Roller-Smith Co 
Ward -Leonard Elec. Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 
Light Sensitive 
Kurman Electric Co 
Roller-Smith Co 
Westinghouse E.& M.Co 
Weston Elec. Inst. Corp 
REMOTE METERING 
EQUIPMENT 
American Meter Co 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
General Electric Ce 
Pioneer Instrument Co 
Westinghouse E.& M.Co 
RESISTORS 
General Radio Co 
Roller Smith Co 
Shallere 
Ward Le 
Westinghouse E 
RETICLES 
Fish-Schurman Corp 
RHEOSTATS 
General Radio Company 
bo de Bane — | Lay Co 


Inc 


4 
onard Elec. Co 
& M.Co 


Wes M. Cr 
SACCHARIMETERS 

Taylor Instrument Cos 
SCALES 

Gaertner Scientific Corp 
Basis Weight 

Testing Machines, Inc 

Thwing Instrument Co 


Differential 
Thwing Instrument Co 
SHUNT METERS 
Bristol Company 
Roller-Smith C 
SCRIBERS 
I 1 Mot ( 
SHUNTS 
General Electric Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Westing! E.& M.C« 
Weston Elec. Inst. Corp 
SIGNALING DEVICES— 
Automatic 
Bristol Co 
Brown ins ‘trument Co 
F 


ez & Sons, Inc 
rument Co 


J P Fr 
Pioneer Inst 
SINE — 
( 
SMOKE. ‘ALA RMS 
Weston Elec. Inst 
= coILs 
rd Leonard Elec. Co. 
SPECIAL ELECTRICAL 
INSTRUMENTS 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc 
General Electric Co 
General Radio Co 
Kurman Electric Co 
Pioneer Instrument Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Shallcross Mfg. Co 
Thwing Instrument Co 
Westinghouse E.& M.C 
Weston Elec. Inst. Corp 
erent INSTRUMENTS 
riez & Sons, Inc 
yo me ar-Smith C 
Thwing Tantrnment Co 
SPECTROGRAPHS 
3ausch & Lomb Opt. Co 
Gaertner Scientific Corp 
SPECTROMETERS 
Rausch & Lomb Opt. Co 
Gaertner Scientific Corp 
SPECTROPHOTOMETERS 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
SPECTROSCOPES 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co 
J. P. Friez & Sons, Inc 
Thwing Instrument Co 
SPEED REGULATORS 
Ward Leonard Elec. Co 
STANDARD CELLS 
Weston Elec. Inst 
STRAIGHT EDGES 
I Motor ¢ 


Corp. 


Corp 





cAn Improved , 


Claud 8. Gordon 


-- CONSTANTAN 
THERMOCOUPLE WIRE 


Chicago—C leveland—Indianapolis 





INSTRUMENTS 


Page A6 Vol. 


STRAIN GAGES 
General Electric Co 
STROBOSCOFES 
Gener r ~ Ra lio 
Wes ise E.& M.¢ 
SUNSHINE RECORDERS 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
SURGE INDICATORS & 
RECORDERS 
General Electric Co 
Westinghouse E.& M.¢ 
SYNCH RONOSCOPES 
Roller-Smith Co 
Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp 
SYNCHRONIZATION 
FORKS 
Electrical 
General Radio Co 
SYNCHRONOUS MOTORS 
Genera! Electric Co 
Pioneer Instrument Co 
Westinghouse E. & M.¢ 
TACHOMETERS 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Pioneer Instrument C« 
Roller-Smith Co 
Thwing Instrument C 
Westing! 
Weston Elec. Inst. Corp 
TACHOSCOPES 
Brown Instrument Co 
TELEMETERS—See 
Remote Metering 
TELESCOPES 
Bausch & Lomb Opt. Co 
Gaertner Scientific Corp 
TENSOMETER (Huggen- 
burger) 
TESTING MACHINES 
Testing Machines, Inc 
Thwing Instrument Co 





Bending 

Testing Machines, In 
Hardness 

Testing Machines, In 
impact 

Testing Machines, In 
Impact (very light load) 

Testing Machines, Ince 

Thwing Instrument ¢ 
Magnetic 

Kurman Electric ¢ 
Paper 

Testing Machine Ir 

per Instrument ¢ 

ing Ise & M.¢ 

Pesan 

Thwing Instrument 


Stiffness & Bending 
Testing Machines, In 
Thwing Instrument 

Stretch 
Testing Machines, In 
Thwing Instrument ¢ 


Tearing 
Testing Machine In 
Thwing Instrument ¢ 





Tensile (very light load) 
Testing Machines, Ir 
Thwing Instrument ¢ 

Universal 
Testing Machines, Ir 


be RECTI- 


Ps... al I Ble trie C 
Westingt e E.& M.¢ 
THERMO-JUNCTIONS 
(Electric) 
General Radio ¢ 
Rawson Elec. Inst. Co 
Roller-Smith C 
Wilbin Instrument C 
THERMO-VOLTMETERS, 
AMMETERS 
General Radio Company 
Rawson Elec. Inst. C 
Roller-Smith ( 
Weston Elec. Inst. Corp 
THERMOMETERS 
Bailey Meter C¢ 
Bristol Co 
Brown _ 
P. Frie 
Gas Filled 
Fort r 








aylor Aes iment Cos 
Mechanical 
Brown Instrument Co 
Foxboro Co 
Mercurial 
Bristol Company 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Resistance 
Brown Instr 
Foxboro ( 
Thwing Instrument ¢ 
Vapor-Tension 
Bristol Company 
Brown Instrument C 
Foxboro Cc 
Taylor Instrument Cos 
Wet & Dry Bulb 
Bristol Company 
Brown instrument C< 
Foxboro Co 
J. P. Friez & Sons, Inc 
Taylor Instrument Cos 
Thwing Instrument Co 
THERMOSTATS 
Bristol Company 
Brown Instrument Co 
Foxboro C 
J. P. Priez & Sons, Inc 
Taylor Instrument Cos 
Wilbin Instrument Co 
THERMOSTATIC 
BIMETAL 
W. M. Chace Valve Co 
TIME METERS 
General Electric Co 
Westinghouse E.& M.¢ 
Weston Elec. Inst. Corp 





iment C 


TIME OPERATION 
RECORDERS 
Bristol ¢ ompaly 
F< 5° » Co 
J . Friez & Sons, 
TIME ‘RECORDERS 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Gaertner Scientific Corp 
TIME SWITCHES 


Inc 


Genera! Electric Co 
Westinghouse E.& M 
TIMERS 


Rawson Elec. Inst. Co 
TIMING DEVICES 
General Electric Co 
TOTALIZING 
INSTRUMENTS 
American Meter 
General Electric Co 


Westinghouse E.& M.¢ 
TOTALIZING RELAYS 
Electric 


General Electric Co 
TRAM POINTS 
Ford Motor ¢ 


TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co 
TRANSFORMERS 
(instrument) 
General Electric Co 





General Radio Co 
Roller-Smith Co 
Westingl e E.& M.¢ 
Weston Elec. Inst. Cory 
TRANSITS 
Pocket 


Taylor Instrument Cos 
TUNING FORKS— 
Electrically Driven 
Gaertner Scientific Corr 
General Electric Co 
General Radio ¢ 
TURBIDIMETERS 
Sausch & Lomb Opt. Co 
U-TUBE MANOMETERS 
sailey Meter Co 
Brown Instrument Co 
Taylor Instrument Cos 
VACUUM RECORDERS 
Sailey Meter Co 


George Sidney Binckley 

Bristol Company 

Brown ‘Instrument ¢ 

Foxboro ¢ 

Taylor Instrument Cos 
VACUUM TUBE BRIDGES 

General Radio Company 


VACUUM TUBE RELAYS 

VACUUM TUBE 
VOLTMETERS 

General 





VALVES 
ae ey Shut- Off 
I mpany 


yin Instrument 
Back Pressure 
American Meter ¢ 
Balanced 
Bailey Meter Cr 


Diaphragm 
Bristol ¢ 
Foxboro 

Tay! r Ir strume t 

Differential 
American Meter C 








ADVERTISERS’ 


American Askania Corp. 
American Meter Co. 
Auditorium Hotel 
Bailey Meter Co. 
Binckley, George Sidney 
Bristol Company, The 
Byram, H. F. 
Chace Valve Co., 
Clifford Mfg. Co. 
Clough-Brengle Co. 
Eppley Laboratory, Inc. 
Federal Products Corp. 


Ww. M. 


Ford Motor Co., Johansson Div. 


Foxboro Co., The 

Friez & Sons, Julien P. 
Gaertner Scientific Corp. 
General Electric Co. 
General Physical Labs. 
General Radio Co. 
Gordon Co., Claud S. 


Illinois Testing Labs., Inc. 
Instruments Publishing Co. 


Littelfuse Laboratories 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Pyrometer Instrument Co. 





ERS 


Viscos M 
George e B 
J. P. F « 


none 
50m, ly 
Tay mer 1 
VOLTAGE DIVIDERS 
Gene adio J 
Ward Le 
VOLT-AM™M 


Genera 


ard Elec 
ETERS 


VOLTMETERS 
Electrostat 
Geer 


Indicating 


W . 
w 


Recording 


Roller 12 





F 
WATTHOU! 


WATTMETERS 
indicating 





Recording 
Bristol ¢ 
Gen 
Rolle 
Ww 

WAVEMETERS 
Gener 

X-RAY SPECTROMET 

B h & 


Gar 
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Rawson Electrical Instrument Co 


Raytheon Mfg. Co. 
Review of Scientific 
Shalicross Mfg. Co. 
Standard Electric Time Co. 
Thwing Instrument Co. 

Trofimov School of 
Webster Hall 


Westinghouse Electric & Mfg. Co 


Wilbin Instrument Corp. 


Inventive Practice “4 


Instruments 
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& Sons, In 
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VIDERS 


ard Elec 
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METERS 
Cc 


RS 


RS 
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Back Cov 
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7 CUUM TUBE DRIVEN 


TUNING FORKS 





Precision frequency standards for time and 
frequency measurements with chronographs 
or oscillographs. Have also found favor for 
driving synchronous motors, clocks. or 
timers at constant speeds. 

Furnished with steel, invar or elinvar 
forks in frequencies from 50 to 500 v.p.s. 
rated to within 0.01% of nominal frequency. 
Output .7 watt. We can supply amplifiers for 
larger output. 

Ask for catalog B describing our complete 
line of chronographs, tuning forks, and 
clocks. 


The Gaertner : Scientific Corp. 
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Askania Combustion Control 


actually measures 





oil and air 


{// Other Industrie 
AMERICAN ASKANIA 


Steel and Allied Industries 
H. A. BRASSERT 





















































1609 Bear Avenue Detroit Mich 




















1211 Wrightwood Chicago, Illinois & COMPANY CORPORATION 
Avenue U.S. A. , 
Chicago 
.) 
Cone tar! ourrut 
N VOLTAG 
Welt 
5 
¢ . 
‘ “ . 
. Ay 
4 s f 
. ; y CONSTANT VOLTAGE 
: for All A.C. Socket Power Devices 
LINE VOLTAGE 95 to 130, OUTPUT 115 * 1% 
5 \ ( t tas i t t t 
Chace Thermostatic Bimetal is ° ms “a 
the active element that auto- a . 
matically governs operation of ns : a 
safety pilot light valve on 6 5 e pr c Serene { 
Sonner Burners. By this con- | 
trol the fuel supply to main be ‘ : 
4 
burner is shut off in the event a +f am R AY T H E eo) N 
that pilot light is extinguished. ret ae ,2anees: VO LTA G E R E G U L ATO RS 
Chace Thermostatic Bimetal is CH ACE TE cognac tetacempeeina ee 
: 7 used in every line of & * ; RAYTHEON MFG. CO ‘ 
industry where automatic con- a M 0 STAT . . = 
trol of temperature is called he 190 Willow Street, Waltham, Mass ; 
| “— where automatic action BIM ETAL . ; NEE ae caucts 
ust take place with change in SA Beads with the MO Gi P a 
temperature, ; Re ' 
! 
1 \ 
W. M. CHACE “VALVE co. ! 
§ Ad 5 




















pen you want to know not 
only what the temperature, 
pressure or level is, but how this 
is changing in comparison with 
some other temperature, pressure 
or level elsewhere. 

For this purpose Bristol’s Multiple- 
Record Recorder is used. It pro- 
vides two records on the same 
chart. By the use of different 
colored inks, each record is dis- 


tinctive. The pen arms pass each 


other without interference, or con- 
fine the ranges covered to separate 
areas without overlapping. 
Furnished with charts 12, 10 or 8 
inches in diameter. 

* 
At right: Bristol’s Recording Liquid 
Level Gauge, Model 40M. Equipped 
with two pens for making two en- 
tirely different records on the one 
chart even for such low ranges as 


0 to 4 inches of water. 


THE BRISTOL COMPANY, WATERBURY, CONNECTICUT 


Branch Offices: Akron - Birmingham - Boston - 


Philadelphia - Pittsburgh - St. Louis - San Francisco 


loronto, Ontarie Ingland Bristol's 


BRISTOLS 


PIONEERS IN 


PROCESS 


Chicago - Denver - Detroit - Los Angeles » New York 


Canada: The Bristol Company of Canada, Ltd., 


Instrument Co., Limited, London, S. E. 14 
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Volur 


CONTROL SINCE 









